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1
SYNTHON FORMATION

CROSS-REFERENCE

This application claims the benefit of U.S. provisional
application Ser. No. 62/042,527, filed Aug. 27, 2014,
62/189,599, filed Jul. 7, 2015 and 62/193,168, filed on Jul.
16, 2015, which applications are incorporated by reference
herein.

BACKGROUND

Synthetic Biology relies on the ability to build novel
DNAs from component parts. Double strand (ds) DNA
molecules have been assembled by creating staggered ends
at the both ends of a first DNA duplex. This has been
achieved using restriction endonucleases or by using exo-
nuclease digestion or by T4 DNA polymerase followed by
hybridization and optional ligation of a second DNA duplex
to the first duplex. Techniques that utilize exonucleases and
ligases in a reaction mixture also specify the use of non-
strand displacing polymerases.

SUMMARY

This disclosure provides, among other things, a compo-
sition comprising: i. a 5' exonuclease; ii. a strand-displacing
polymerase; iii. a single strand (ss) DNA binding protein;
and, iv. a non-naturally occurring buffering agent, wherein
the composition does not comprise a crowding agent and/or
a non-strand-displacing polymerase. The composition can
be employed to assemble polynucleotides into a synthon.
Embodiments of the composition optionally contain a ligase
depending on whether assembly is performed for purposes
of cloning in a bacterial cell that would contain its own
ligase or whether assembly is performed for purposes which
do not include a cloning step in bacteria.

Previously described assembly methods required a non-
strand displacing polymerases and evolved to additionally
require a crowding agent (see for example U.S. Pat. No.
8,968,999). Contrary to the prior teachings, present embodi-
ments demonstrate that a strand displacing polymerase has
advantages over a non-strand displacing polymerase when
used with a 5'-3' exonuclease. This combination has a
preference for including a ss binding protein over a crowd-
ing agent which is the reverse over prior art teachings which
assert that use of crowding agents are four fold more
effective than alternatives including the use of a single stand
binding protein. Present embodiments provide composi-
tions, methods and kits that provide increased efficiency of
assembly and cloning of functional genes and synthons from
oligonucleotides and polynucleotides including ds and/or ss
nucleic acid molecules in a single step method and/or in a
single reaction vessel. These embodiments do not rely on
crowding agents nor do they require non-strand displacing
polymerases for filling in gaps that are present after two
molecules anneal. For example, when a 5'-3' exonuclease
that acts upon ds DNA generates a 3' ss DNA overhang that
can anneal effectively with a 3' ss DNA overhang from
another molecule, the strand-displacing polymerase can
fill-in gaps left after the molecules anneal. A combination of
activities of the strand-displacing DNA polymerase and the
5'-3' exonuclease results in a duplex synthon containing a
nick at or near the site of joining. This nick can be sealed in
vitro by a ligase or in vivo by an endogenous cellular ligase.
Additionally, the inclusion of a ss DNA binding protein in
the reaction mixture enables efficient assembly of relatively
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low concentrations of nucleic acid fragments, thereby pro-
viding a cost saving without loss of efficiency or loss of
accuracy of joining.

In some embodiments of the compositions, the strand-
displacing polymerase is a Family B polymerase. A strand
displacing polymerase should preferably have strand-dis-
placing activity that is greater than that observed with
Phusion® polymerase (Thermo Fisher, Waltham, Mass.)
(which is generally described as non-strand displacing)
under the same reaction conditions (for example, using an
assay such as described in FIG. 1A-1E. In the present
compositions, methods and kits the strand displacing poly-
merase is utilized primarily for its strand displacing activity.
In some embodiments, the strand-displacing polymerase
may be non-naturally occurring, for example, the strand-
displacing polymerase may be a mutant. Examples of
mutants include polymerases having one or more amino acid
substitutions, non-naturally occurring polymerases may
alternatively or in addition be fusion proteins with a moiety
having an unrelated amino acid sequence where the fusion
polymerase is not encountered in nature. Preferably the
strand displacing polymerase is stable at 50° C. or above and
may thus be referred to as a thermostable strand displacing
polymerase. In some cases, the strand-displacing poly-
merase is a fusion polymerase having an unrelated or
heterologous DNA binding domain. In some embodiments,
the polymerase moiety may have an amino acid sequence
that is at least 90% or 95%, or 98% or 99% identical to SEQ
ID NO:102. In another embodiment, the polymerase may
have an amino acid sequence that is at least 90% or 95% or
98% or 99% or 100% identical to SEQ ID NO:1 preferably
at least 90%. In another embodiment, the polymerase may
have an amino acid sequence that is at least 90% or 95% or
98% or 99% or 100% identical to any of SEQ ID NO:33-55
preferably at least 90%. In some embodiments, the DNA
binding domain moiety may have an amino acid sequence
that is at least 90% or 95%, or 98% or 99% identical to SEQ
ID NO:2. In another embodiment, the polymerase may have
an amino acid sequence that is at least 90% or 95% or 98%
or 99% or 100% identical to any of SEQ ID NOs:1, 3, 56-96
or 102, preferably at least 90%. In other embodiments, any
of the polymerase domain moieties described herein may be
combined with any of the DNA binding domains described
herein provided that that the Polymerase moiety and the
DNA binding domain are heterologous. For example, in
other embodiments, the fusion protein may have an amino
acid sequence that has at least 90% or 95% or 99% or 100%
identity with SEQ ID NO:1 and SEQ ID NO:2, preferably at
least 90%. In other embodiments, the fusion protein may
have at least 90% or 95% or 98% or 99% or 100% sequence
identity to SEQ ID NO:3 preferably at least 90%. The
strand-displacing polymerase may or may not have a 3'-5'
exonuclease activity. Where strand displacing polymerases
have 3'-5' exonuclease activity, polynucleotide joining may
be optimized by balancing 3'-5' exonuclease activity, 5'-3'
polymerization activity and strand displacement activity
using the conditions that include those exemplified herein.
The efficacy and accuracy of the assembly can be confirmed
using the assay described herein (see for example, FIGS. 3A
and 3B). In some embodiments, the polymerase is not
Phusion, 9° N, Pfu or Vent, or a polymerase that has an
amino acid sequence that is at least 90% identical to Phusion
or wild type 9° N, Pfu or Vent. In some embodiments, the
polymerase is thermostable, i.e., active at a temperature of at
least 40° C. or at least 50° C. degrees. In contrast to
strand-displacing polymerases, some polymerases such as
Taq DNA polymerase, degrade an encountered downstream
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strand via a 5'—=3' exonuclease activity. This activity is
utilized for nick translation protocols. Hence Tag DNA
polymerase is not included in the definition of strand dis-
placing polymerases.

An assay to determine efficiency and accuracy of synthon
formation is described in the examples and shown in FIG.
3A-B. The designed assembled fragments encode the lacl
and lacZ proteins, which yield a blue colony if DNA
fragments are assembled correctly. Thus, the number of
“blue” colonies from an overnight plate denotes both effi-
ciency and accuracy of assembly. In the absence of a blue
color, efficient assembly may occur but errors at the joining/
extension region prevents expression. When synthons are
assembled and then cloned into a host cell, efficiency and
accuracy of synthon formation translates into a confidence
that each clone will contain the accurately assembled syn-
thon. With this confidence, only one or a few duplicate
clones need to be sequenced to confirm the presence of a
synthon. This reduces the cost and inconvenience of
sequencing clones that might contain errors. In one embodi-
ment, at least 80% or alternatively at least 90% of clones will
contain accurately assembled synthons.

In some embodiments, methods utilizing the composi-
tions described herein are capable of yields that are sub-
stantially in excess of minimum requirements. For example,
as many as 5,000 or 10,000 colonies can be produced in a
single transformation event. If the purpose of assembly is to
create a single example of a synthon rather than a library of
synthons, then lower starting amounts of nucleic acid frag-
ments and reagents can be used even below the ranges
provided herein. Examples of concentration ranges suitable
for use in an assembly mixture include the following: 0.02
nM-100 nM for DNA fragment or for example 0.2 nM-10
nM DNA may be added to the reagent mixture in a reaction
vessel. In one embodiment, vector DNA is included at a ratio
of 1:1 with the DNA fragments although higher or lower
ratios can be used. A higher concentration of ss DNA may
be preferred when compared with the concentration selected
for ds DNA. The reagent mixture in the reaction vessel may
further include 0.0004 U/ul-0.064 U/ul of the 5'-3' exonu-
clease (for example 0.0004 U/ul-0.01 U/ul); 0.5 U/ul-32
U/ul of an optional ligase (for example 1 U/ul-10 U/ul);
0.0025 U/ul-0.25 U/ul of the strand displacing polymerase
(for example 0.005 U/ul-0.1 U/ul); and 0.001 pg/pl-0.1 pg/ul
for the ss binding protein (for example 0.01 pg/pl-0.5 pg/ul)
(units correspond with those specified by the manufacturer
(New England Biolabs, Ipswich, Mass.)).

The amount of 5'-3' exonuclease can be further optimized
according to the length of overlap of nucleic acid fragments
and size of each fragment. For example, amounts of 5'-3'
exonuclease may be increased within the range for nucleic
acid fragments greater than 80 nucleotides in length. The
absolute concentration of the strand displacing polymerase
within the specified range is not critical.

A ss DNA binding protein for use in the composition may
be E. coli recA, T7 gene 2.5 product, RedB (from phage
lambda) or RecT (from Rac prophage), ET SSB (extreme
thermostable single-stranded DNA binding protein) or a ss
binding protein with 90% sequence identity to SEQ ID
NO:100 although many other ss DNA binding proteins are
known and could be used in the composition. The inclusion
of a ss binding protein improves the efficiency of assembly
particularly for nucleic acid fragments with longer overlap
sequences (e.g. at least 20 nucleotides) than would be
otherwise occur in the absence of ss binding protein as
measured by colony number.
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The optional ligase may be an NAD" dependent ligase
such as Taq ligase or an ATP dependent ligase such as T4
ligase. However, for PCR, it is convenient to use an NAD*
dependent ligase since ATP can inhibit Taq polymerase used
in subsequent amplification of the synthon. Examples of a
suitable ligase include a protein with at least 90% sequence
identity to SEQ ID. No. 101.

The 5'-3' exonuclease used here may be an enzyme that
has a 5'-3' exonuclease activity as well as a ss endonuclease
activity (see, for example, Garforth, et al., PNAS, 96, 38-43
(1999)). Examples of a 5'-3' exonuclease with exonuclease
and ss endonuclease activity include T5 exonuclease, as well
as homologs and variants thereof. In one example, the 5'-3'
exonuclease has at least 90% amino acid sequence identity
SEQ ID NO: 98. There is no requirement to denature the
5'-3' exonuclease prior to joining the polynucleotides with
the strand displacing polymerase. Hence the use of a ther-
mostable 5'-3' exonuclease is described in the examples.

In some embodiments, the composition may further com-
prise dNTPs (i.e., a mixture of dGTP, dATP, dGTP and
dTTP) and, in some embodiments, where T5 5'-3' exonu-
clease is used, the composition may further comprise potas-
sium salt such as KCI (e.g., at a concentration in the range
of 7 mM-150 mM).

In general, a method for producing a synthon is provided.
In some embodiments, the method may include incubating
an embodiment of the composition described herein that
comprises a strand displacing polymerase as described
herein and a 5'-3'exonuclease and optionally a ligase (if the
reaction is in vitro or in vivo in a cell or organism that does
not contain a ligase) and may also contain a ss binding
protein, with a set of polynucleotides and/or oligonucle-
otides in which at least one or some of the members of the
set have a sequence that overlaps with one or some other
members of the set, under suitable reaction conditions. In
some embodiments, the polynucleotides or oligonucleotides
may be ds DNA, e.g., overlapping PCR products or over-
lapping restriction fragments. In other embodiments, the
polynucleotides may be ss DNA or RNA. In some embodi-
ments, the set of polynucleotides may comprise ss DNA or
RNA. In some embodiments, the set of polynucleotides may
comprise ds polynucleotides. In some embodiments, the set
of polynucleotides may comprise at least one ds polynucle-
otide and at least one ss polynucleotide. In some embodi-
ments, the set of polynucleotides may comprise a sub-
population of polynucleotides that have identical sequences
apart from a sub-sequence that varies between members of
the sub-population. In other embodiments, the set of poly-
nucleotides may comprise ss or ds polynucleotides or poly-
nucleotides that have overlapping regions at their ends for
purposes of joining but different internal sequences that
form the synthon. Thus, in one embodiment of the method
of the invention, the polynucleotides in the set of polynucle-
otides are ds; such as wherein the ds polynucleotides are
overlapping PCR products or overlapping restriction frag-
ments or assembled from ss polynucleotides In an alterna-
tive embodiment of the method of the invention, the synthon
is assembled from polynucleotides in the set of polynucle-
otides that are ss. In a further alternative embodiment of the
method of the invention, the synthon is assembled from a set
of polynucleotides that comprises a mixture of at least one
ds polynucleotide and at least one ss oligonucleotide. In
embodiments of the method of the invention, the synthon is
assembled from a set of polynucleotides that comprise a
sub-population of polynucleotides that are identical to one
another except for a sub-sequence that varies between the
members of the sub-population.
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Embodiments of the method may be used to produce a
variety of synthons, including coding sequences, vectors,
guide molecules for gene engineering and expression cas-
settes.

Prior to assembly, the initial ds polynucleotides may be in
the range of 100 bases-30 kb in length, although polynucle-
otides outside of this range may be used in certain cases. For
example, in some embodiments, individual fragment sizes
can be as much as 20 kb-30 kb or longer or as short as 30
bases-500 bases. Moreover, in some embodiments, frag-
ments of different sizes can be joined in the assembly
reaction. In one example, long polynucleotides (e.g., frag-
ments of 5 kb-20 kb in length) are joined to short poly-
nucleotides (e.g., fragments of 100 bases-500 bases in
length). Newly assembled synthons may be sequenced,
either directly using single molecule sequencing methods or
after cloning or amplification.

In one embodiment, the members of the set may contain
overlapping sequences having a length less than 2 kb for
example, in the range of 15-200 nucleotides for example,
20-100 nucleotides.

In one embodiment, a composition is provided where the
composition has a 5'-3' exonuclease; a strand-displacing
polymerase; and a buffer containing a potassium salt such as
KCl in a concentration range of 7 mM-150 mM, for
example, 20 mM-50 mM. A sodium salt (e.g., sodium
chloride) in the range of 10 mM-100 mM such as 20 mM
may also be used in addition to potassium salt. A ss binding
protein may be included in the composition. In some
embodiments, the composition does not contain a crowding
agent such as polyethylene glycol (PEG), Ficoll, or dextran.
In some embodiments, the composition does not contain a
non-strand displacing polymerase. In another embodiment,
polynucleotide and/or oligonucleotide fragments are
included in the composition for forming a synthon.

In another embodiment of the method, a set of oligonucle-
otides may be joined using a composition that comprises a
crowding agent such as polyethylene glycol (PEG), Ficoll,
or dextran in addition to or instead of the ss binding protein
and at least 7 mM potassium salt such as KCl together with
a strand displacing polymerase and a 5'-3' exonuclease in the
absence of a non-strand displacing polymerase. In one
embodiment the potassium salt is at a concentration of less
than 150 mM for example, 20 mM-50 mM.

Also provided is a kit for polynucleotide assembly, com-
prising: i. a 5'-3' exonuclease; ii. an optional ligase; iii a
strand-displacing polymerase; and iv. a ss DNA binding
protein. In certain embodiments, the kit may further com-
prise dNTPs and/or a buffering agent, for example. The
components of the kit may be in separate containers (e.g. one
or more different reaction tubes), or, the components of the
kit may be in a single container. The components may be
lyophilized or in solution or in part lyophilized and in part
in solution. The components may be immobilized in part or
in whole on a solid surface such as a bead or surface of a
reaction chamber or may be in solution. The components
may be added to target polynucleotides that may be in part
or in whole, immobilized or in solution. In some embodi-
ments, the kit may contain one or more mixtures of the
components of the kit. In some embodiments, the kit does
not contain a non-strand-displacing polymerase, or a crowd-
ing agent.

In one embodiment, a polymerase having at least 80%,
85%, 90% or 95% sequence identity with SEQ ID NO:1 is
provided for the assembly mixture. In another embodiment,
a polymerase having a binding domain having at least 80%,
85%, 90%, or 95% sequence identity with SEQ ID NO:2 is
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provided for the assembly mixture. In another embodiment,
a polymerase having at least 80%, 85%, 90% or 95%
sequence identity with SEQ ID NO:3 is provided for the
assembly mixture. These compositions may be used in
reaction conditions in which the polymerase is strand dis-
placing. The compositions may be used in reaction condi-
tions in which any 3' exonuclease activity associated with
the polymerase activity is active.

The assembly reaction may occur using ss or ds nucleic
acids. Any number of fragments e.g., 2,3,4,5,6,7,8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 or more fragments
can be assembled. Chemically synthesized ss polynucle-
otides can be assembled into ds overlapping fragments and
hybridized and ligated to the ends of linearized vectors to
form synthons suitable for cloning. Alternatively, duplex
fragments can be assembled into synthons and inserted into
vectors for cloning or PCR or isothermal amplification (see
for example, FIG. 2A-2C). ss nucleic acid fragments can
also be directly inserted into vectors (see for example, FIG.
7) by hybridizing the nucleic acid fragment to the 3' ss end
of a linearized ds vector. The ss nucleic acids may be
assembled through overlapping complementary ends at the
same time, before, or after the a ss nucleic acid fragment has
hybridized to the 3' ss end of the linearized vector.
Assembled fragments may be amplified by PCR or isother-
mal methods before insertion into vectors for cloning. The
nucleic acid fragments may contain randomized nucleotide
sequences or degenerate code enabling libraries to be
formed that contain representative variants at each nucleo-
tide position of the variable region. The random sequence
may be positioned between a defined sequence at each end.
In one embodiment, the random sequence positioned
between defined sequences may be for hybridizing to a
second nucleic acid fragment (such as a second ss genomic
polynucleotide) or to a linearized vector end. In one
example, the random sequence hybridizes to a target
genomic sequence for guiding a Cas9 protein to a target
nucleic acid for gene editing (see for example, FIG. 9A-9C).
Thus, in accordance with this aspect of the invention, the
method may be used to hybridize at least one member of a
set of polynucleotides to a second nucleic acid fragment
(such as a second ss genomic polynucleotide) or to a
linearized vector end. For example, the method may be for
hybridization of the at least one member of the set of
polynucleotides to a target genomic sequence in order to
guide a Cas endonuclease such as Cas9 to a target genomic
nucleic acid in a method of gene editing.

In some embodiments, a method is provided for assem-
bling a plurality of polynucleotides into a synthon, that
includes: combining the plurality of polynucleotides with a
composition comprising a 5'-3' exonuclease, a strand dis-
placing polymerase, optionally a ligase, a ss binding protein
and a buffer wherein each polynucleotide has a 3' ss terminal
polynucleotide sequence on one strand that can be hybrid-
ized to a complementary ss complementary sequence on a
second polynucleotide and can be joined to form a continu-
ous duplex polynucleotide optionally under isothermal con-
ditions in a single container. The synthon can further be
joined at its ends to the ends of a linearized plasmid for
amplification and/or cloning

In some embodiments, the entire assembly method may
be carried out as a “one-step” reaction (in a single tube,
which does not have to be opened during after the reaction
is started). In one example, the components are mixed
together in a reaction vessel and incubated at a temperature
of between 40° C. to 60° C. for a period of time, e.g., 5
minutes to 12 hours, thereby producing the synthon.
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In one aspect, the method includes a step of strand
displacement in the polynucleotides to be joined by a
polymerase having at least 90% amino acid sequence iden-
tity with SEQ ID NO:1 or SEQ ID NO:102 and/or SEQ ID
NO:2 or SEQ ID NO:3. In embodiments of the method, no
additional steps of 3'-5' exonuclease chew back are required.
Another aspect further comprises enhancing the efficiency of
the assembly reaction by including a potassium salt at a
minimum concentration of 7 mM in the reaction mixture
where the potassium salt is exemplified by KCI.

In one aspect, a method is provided, wherein the poly-
nucleotides contain a random sequence between defined
sequence ends. In another aspect, the method further com-
prises screening the random sequences for hybridizing activ-
ity with a genomic DNA and identifying the random
sequence with the hybridizing activity. In another aspect, the
method comprises performing gene editing by transcribing
the random sequences with hybridizing activity to form
RNA and using the RNA for gene editing in the presence of
a Cas endonuclease.

In one embodiment of the composition, kit, or method of
the invention, the strand-displacing polymerase used in the
composition, kit, or method of the invention may be non-
naturally occurring, such as a mutant or fusion protein. In the
composition, kit, or method of the invention, the non-natural
strand-displacing fusion polymerase may be characterized
by an amino acid composition of the polymerase moiety that
is at least 90% or 95% or 99% or 100% identical to any of
SEQ ID NOs: 33-55 or SEQ ID NO:1 or of the DNA binding
moiety that is at least 90% or 95% or 99% or 100% identical
to any of SEQ ID NOs: 56-98 or SEQ ID NO:2. In one
embodiment, the polymerase moiety may have an amino
acid sequence that has 90% or 95% or 98% or 99% amino
acid sequence identity with SEQ ID NO:102 fused to a
heterologous DNA binding moiety selected from a polypep-
tide that has at least 90% or 95% or 99% or 100% amino acid
sequence identity to any of SEQ ID NOs: 56-98.

In general in one aspect, a preparation is provided that
includes a composition having an amino acid sequence that
has at least 90% sequence identity to SEQ ID NO:3. The
preparation may further comprise a 5'-3' exonuclease, for
example a TS exonuclease. The preparation may further
comprise a ss DNA binding protein, for example, an ET
SSB, E. coli recA, T7 gene 2.5 product, phage lambda RedB
or Rac prophage RecT, more particularly a thermostable ss
binding protein such as ET SSB. The preparation may
further comprise a ligase. In one aspect, a preparation
including the composition may further comprise a ss binding
domain and a 5-3' exonuclease, wherein the preparation does
not comprise a crowding agent and/or a non-strand-displac-
ing polymerase. The preparation may further include a
potassium salt.

In one aspect, the preparation including the composition
may further comprise a plurality of polynucleotides in a set
wherein at least a polynucleotide in the set has a sequence
that overlaps with another polynucleotide in the set; and
wherein the polynucleotides are selected from: (i) ds poly-
nucleotides; (ii) ss oligonucleotides; (iii) at least one ds
polynucleotide and at least one ss oligonucleotide; and (iv)
a subpopulation of polynucleotides that are otherwise iden-
tical to one another except for a sequence that varies
between the members of the sub-population. In one aspect
the set of polynucleotides has at least 3 members or at least
4 members or at least 5 members.

In general, a method for producing a synthon, that
includes: incubating a composition of claim 1 further com-
prising a 5'-3' exonuclease and, optionally, a ligase and a ss
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DNA binding protein, with a plurality of polynucleotides
that form a set, wherein members of the set have sequences
that overlap under suitable reaction conditions; and joining
at least two the polynucleotides to produce a synthon. In one
aspect, the set of polynucleotides contains at least 3 mem-
bers or at least 4 members or at least 5 members. In one
aspect, the preparation further includes a ligase. In one
aspect, the preparation, further includes a ss DNA binding
protein. In one aspect, the polynucleotides are ds and the ds
polynucleotides are overlapping PCR products, overlapping
restriction fragments or assembled from ss oligonucleotides.
In one aspect, the polynucleotides are ss oligonucleotides. In
one aspect, the set of polynucleotides comprises at least one
ds polynucleotide and at least one ss oligonucleotide.

In general, a kit is provided that includes a preparation
according to claim 1 and a 5'-3' exonuclease such as for
example TS exonuclease. In one aspect, the kit may further
include a ss binding protein. In another aspect, the kit may
include a ligase. In another aspect, the kit may include a
buffering agent. In one aspect, the kit does not include a
crowding agent. In one aspect, the composition and the 5'-3'
exonuclease are in the same vessel. In another aspect, the
composition and the 5'-3' exonuclease are in different vessels
optionally in buffers suitable for combining into a single
vessel.

In general, a composition is provided for assembling a
synthon, that includes: a 5'-3' exonuclease, which in one
aspect has ss endonuclease activity, for example having 90%
sequence identity with SEQ ID NO:98; a strand-displacing
polymerase, including a Family B strand displacing poly-
merase that is preferably non-naturally occurring such as a
mutant or a fusion protein derived from a naturally occurring
polymerase that may additionally be thermostable; option-
ally a ss DNA binding protein, such as for example the ss
DNA binding protein is ET SSB, E. coli recA, T7 gene 2.5
product, phage lambda RedB or Rac prophage RecT; and a
non-naturally occurring buffering agent, wherein the com-
position does not comprise a crowding agent and/or a non
strand-displacing polymerase. In one aspect, the composi-
tion further includes a ligase and/or a ss binding domain. In
one aspect, the composition includes a set of at least two
polynucleotides (a plurality of polynucleotides). In one
aspect, the composition does not include a non-strand dis-
placing polymerase. In another aspect, the composition does
not include 9° N, Phusion, Vent or Pfu DNA polymerases.

In one aspect, the strand-displacing polymerase in the
composition is a fusion protein wherein the polymerase
moiety has an amino acid sequence that is at least 90%
identical to SEQ ID NO:1 or SEQ ID NO:102, or any of
SEQ ID NOs:33-55. For example, the fusion protein may
have an amino acid sequence that is at least 90% identical to
SEQ ID NO:1 or 102 and SEQ ID NO:2. For example, the
strand-displacing polymerase may have at least 90%
sequence identity to SEQ ID NO:3. In one aspect, the
composition may include a potassium salt having a concen-
tration of at least 7 mM. In one aspect, the composition may
include a set of polynucleotides in which at least one
polynucleotide in the set has a sequence that overlaps with
another polynucleotide in the set; and wherein the poly-
nucleotides are selected from: (i) ds polynucleotides; (ii) ss
oligonucleotides; (iii) at least one ds polynucleotide and at
least one ss oligonucleotide; and (iv) a subpopulation of
polynucleotides that are otherwise identical to one another
except for a sequence that varies between the members of
the sub-population. In one aspect, at least one member of the
set of polynucleotides contains a random sequence posi-
tioned between a defined sequence at each end for hybrid-
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izing to a second ss genomic polynucleotide where for
example, the random sequence is ss and is capable of
hybridizing to a target genomic sequence for guiding a Cas
protein to a target genomic nucleic acid for gene editing.

In general, a method for forming a synthon, is provided
that includes incubating any of the compositions described
above that contain a set of polynucleotides having sequences
that overlap under suitable reaction conditions; and joining
at least some of the polynucleotides to other polynucleotides
to produce a synthon. In one aspect of the method, all or a
portion of the polynucleotides in the set are ds. In another
aspect, the ds polynucleotides are overlapping PCR prod-
ucts; overlapping restriction fragments, or synthetic ds mol-
ecules assembled from complementary ss oligonucleotides
where these oligonucleotides may have been made in a
synthesizer. In one aspect, all or a portion of the polynucle-
otides in the set are ss oligonucleotides. In one aspect, the set
of polynucleotides comprises at least one ds polynucleotide
and at least one ss oligonucleotide. In one aspect, the set of
polynucleotides comprises a subpopulation of polynucle-
otides that are otherwise identical to one another except for
a sequence that varies between the members of the sub-
population. In one aspect, the overlapping sequences of the
polynucleotides are less than 2 kilobases in length. In one
aspect of the method, the strand-displacing polymerase
comprises an amino acid sequence that is at least 90%
identical to any of SEQ ID NOs:1, 2, 3, 33-96, or 102. In one
aspect of the method, at least one member of the set of
polynucleotides contains a random sequence between
defined sequence ends. Another aspect of the method
includes screening the random sequences for hybridizing
activity with a genomic DNA and identifying the random
sequence with the hybridizing activity. Another aspect of the
method includes performing gene editing by transcribing the
random sequences with hybridizing activity to form RNA
and using the RNA for gene editing in the presence of a Cas
protein.

In general, a kit for polynucleotide assembly is provided
that includes: a 5'-3' exonuclease; a strand-displacing poly-
merase; and optionally a ss DNA binding protein wherein
the kit optionally does not comprise a crowding agent and/or
a non-strand-displacing polymerase. In one aspect, the kit
includes a ligase. In another aspect, the kit includes dNTPs.
In another aspect, the kit includes a buffering agent. In
another aspect, the individual components of the kit may be
in the same or separate containers such as one or more
different storage or reaction containers.

In general, a composition is provided that includes a
polymerase fusion protein, wherein the polymerase fusion
protein includes an amino acid sequence that is at least 90%
identical to any of SEQ ID NOs:2, 56-96 and a heterologous
polymerase domain. In one aspect, the polymerase fusion
protein includes an amino acid sequence that is at least 90%
identical to any of SEQ ID NO:2; and a heterologous
polymerase domain.

In general, a composition is provided that includes a
polymerase fusion protein is provided wherein the poly-
merase fusion protein includes a polymerase domain that has
an amino acid sequence that is at least 90% identical to any
of SEQ ID NOs:1, 33-55, or 102; and a heterologous DNA
binding domain. In one aspect, the polymerase fusion pro-
tein, the polymerase domain that has an amino acid sequence
that is at least 90% identical to SEQ ID NO:1; and a
heterologous DNA binding domain. In one aspect, the
polymerase fusion protein has a polymerase domain that has
an amino acid sequence that is at least 90% identical to SEQ
ID NO:102; and a heterologous DNA binding domain. In
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10
one aspect, the polymerase fusion protein has an amino acid
sequence that is at least 90% identical to SEQ ID NO:3.

In one aspect, the compositions above further include a
5'-3' exonuclease such as TS exonuclease. In one aspect, the
composition further includes a single-strand DNA binding
protein for example a single-strand binding protein selected
from an ET SSB, E. coli recA, T7 gene 2.5 product, phage
lambda RedB or Rac prophage RecT. In one aspect, the
composition may include a ligase. In one aspect, the ligase
is thermostable. In one aspect, the composition does not
include a crowding agent and/or a non-strand-displacing
polymerase. In another aspect, the composition further
includes dNTPs. In another aspect, the composition further
includes a potassium salt having a concentration of at least
7 mM. One aspect of the composition includes a set of
polynucleotides wherein at least a polynucleotide in the set
has a sequence that overlaps with another polynucleotide in
the set; and wherein the polynucleotides are selected from:
(1) ds polynucleotides; (ii) ss oligonucleotides; (iii) at least
one ds polynucleotide and at least one ss oligonucleotide;
and (iv) a subpopulation of polynucleotides that are other-
wise identical to one another except for a sequence that
varies between the members of the sub-population.

In general, a method is provided for producing a synthon,
that includes incubating a set of polynucleotides where
individual polynucleotides contain sequences that overlap
with sequences in other polynucleotides, where the overlap-
ping sequences of different polynucleotides are capable of
cross-hybridizing under suitable reaction conditions, and
where for example the overlapping region is less than 2
kilobases, with a composition comprising a polymerase
characterized above, wherein the composition further
includes a 5'-3' exonuclease and, optionally, a ligase and a ss
DNA binding protein; and joining the polynucleotides to
produce a synthon.

In different aspects, the composition includes a ligase;
and/or a ss DNA binding protein. In another aspect, one or
more polynucleotides in the set are ds, where the ds poly-
nucleotides are PCR products, overlapping restriction frag-
ments or assembled from ss oligonucleotides and/or one or
more polynucleotides are ss oligonucleotides; and/or the set
of polynucleotides includes at least one ds polynucleotide
and at least one ss oligonucleotide.

In general, a kit for polynucleotide assembly is provided
that includes a polymerase fusion protein, as described
above and a 5'-3' exonuclease; and a ss DNA binding
protein. In one aspect, the kit may include any or all of a
ligase, dNTPs, and buffering agent where the components of
the kit may be in the same vessel or in different vessels.

BRIEF DESCRIPTION OF THE FIGURES

The skilled artisan will understand that the drawings,
described below, are for illustration purposes only. The
drawings are not intended to limit the scope of the present
teachings in any way.

FIG. 1A-1E shows how the assay described in Example 1
differentiates between a strand displacing and non-strand
displacing polymerase. This assay confirms that T4 DNA
polymerase is non-strand displacing and terminates synthe-
sis of a template DNA at 44 nucleotides in length at a
blocking oligonucleotide (2) (FIG. 1C) whereas Bst poly-
merase (FIG. 1D) and a non-natural polymerase (FIG. 1E)
are strand displacing and can continue DNA synthesis of a
FAM primer (1) by displacing the blocking oligonucleotide
(27 nucleotides in length).
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FIG. 1A shows the sequence and position of the primer (1)
and a blocking oligonucleotide (2) on a DNA template used
in the assay for the enzymes below.

FIG. 1B shows fluorescence observed in samples obtained
after capillary electrophoresis where no enzyme was added
and the starting material formed a peak at a position corre-
sponding to 24 nucleotides of the FAM primer.

FIG. 1C shows the result of adding T4 DNA polymerase.
The primer was extended to a final length of 44 nucleotides
(24 nucleotides plus 20 nucleotides) but was terminated by
the blocking oligonucleotide.

FIG. 1D shows that Bst DNA polymerase (large fragment)
strand-displaces the blocking oligonucleotide and copies
template by extending the primer to a total length of 72
nucleotides (24+20+27+dA).

FIG. 1E shows a family B strand displacing DNA poly-
merase which is a proof reading polymerase that strand
displaces blocking oligonucleotides and copies template by
extending the primer by 71 nucleotides (24+20+27).

FIG. 2A-2C show the steps in a DNA assembly method.

FIG. 2A shows the incorporation of the amplicons of each
of 5 fragments into 5 plasmids with ampicillin resistance
markers. The 5 fragments were initially amplified with
primers that generated amplicons which had overlapping
regions as well as flanked by NotI restriction sites. The Notl
cleavage produces sticky ends. Notl restriction (3) permitted
release of each amplicon from the vectors. The restriction
enzyme cleaved fragments have an 80 base pair overlap
region (4) with the adjacent fragment. In FIG. 2C, the
overlap between the first fragment and an adjacent reagent
vector end and a last fragment and adjacent reagent vector
end is 15-25 nucleotides, for example, 20 nucleotides, for
convenience and cost reduction but this is not intended to be
limiting.

FIG. 2B shows Notl cleaved optionally sequenced frag-
ments (5) where the amplicon is retrieved from a vector and
the 5' ends of Frag. 1 are SEQ ID NO:103 and 104 and of
Frag. 2 top strand is SEQ ID NO:105. These fragments were
then treated with an enzyme mixture that included T5/5'-3'
exonuclease, DNA polymerase with 3'-5' exonuclease activ-
ity, a ss binding protein ET SSB (New England Biolabs,
Ipswich, Mass.) and DNA ligase in a single reaction vessel
(6)-(8). Although Notl is used here, other restriction endo-
nucleases may be used for cleavage depending on conve-
nience. Double digestion with two or more restriction endo-
nucleases may be used. For example, double digestion of
vector DNA with two restriction endonucleases has been
found to reduce background from uncut vector. The over-
lapping ss DNA sequences hybridized to adjacent fragments.
The T5 exonuclease chewed back a DNA strand from 5' to
3' on each fragment to expose a 3' ss region (6) which
allowed the fragments to anneal together in the presence of
ss binding protein (7). Removal of the 2 base flap was
achieved by means of the 3'-5' exonuclease activity associ-
ated with a strand displacing polymerase followed by exten-
sion by the strand displacing polymerase to fill the gap in the
assembled product (8). Any residual nick or 5' flap may be
repaired by a ligase and/or TS exonuclease.

FIG. 2C shows the 5 fragments (Frag 1-Frag 5) now
joined in sequence and inserted into a second plasmid
carrying chloramphenicol resistance gene (Cam) for trans-
formation into a bacterial host.

FIGS. 3A and 3B show chloramphenicol plates were used
to select colonies for growth on plates and those colonies
that contained the lacIZ gene generated blue colonies in the
presence of IPTG and X-Gal. The assay provides a quanti-
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tative assessment of clones in which genes are assembled
efficiently and in a functional form.

FIG. 3A shows chloramphenicol only.

FIG. 3B shows chloramphenicol+IPTG+Xgal.

FIG. 4 shows that the plasmids did in fact contain the
entire gene. Amplification by PCR of assembly product
shown in FIG. 2B was performed to confirm all fragments
were joined and ligated prior transformation. Lane 1 and 2
are duplicate PCR results. Lane M is 2-log DNA ladder from
New England Biolabs, Ipswich, Mass.

FIG. 5 shows the effect of KCl in the assembly mix as
determined by the number of colonies. The increase in
accuracy/efficiency of assembly using a strand displacing
polymerase in an assembly mix is demonstrated using an
increased concentration of KCl in the buffer. The histogram
on the left (T26) does not contain KC1 whereas the histo-
gram on the right (T26K) contains 25 mM KCl showing a
1.5 fold enhancement of efficiency. This improvement
occurs regardless of the assembly condition. A similar
relative enhancement of efficiency is expected if PEG or
other crowding agent were used in the absence of ss binding
protein.

FIG. 6 shows a comparison between the mixture
described in Example 2 (Strand displacing polymerase/ss
binding protein/5'-3' exonuclease/ligase)(Mix1) and the
commercial Gibson Assembly® Mix (GAMM) (non-strand
displacing polymerase and polyethylene glycol) (Synthetic
Genomics, La Jolla, Calif./New England Biolabs, Ipswich,
Mass.) following the protocol provided by the manufacturer.
Mix 1 results in significantly higher efficiencies of DNA
assembly and transformation.

FIG. 7 shows a general diagram of DNA assembly
between ss DNA oligonucleotides and ds DNA fragments. ss
target DNA oligonucleotide is inserted into a DNA vector.
The ss target DNA oligonucleotide has been synthesized so
as to have an overlapping region of 20-30 nucleotides on
each end with the 3' vector ends. However, the size of the
oligonucleotide may have an overlapping region of less than
20 nucleotides for example less than 15 nucleotides or less
than 10 nucleotides or alternatively more than 30 nucleo-
tides, for example, at least 40 or 50 or 60 nucleotides or
more. Beyond the overlapping regions, the oligonucleotide
preferably has 1 or more nucleotides that are not overlapping
positioned between the ends. The assembly master mix
which contains a 5'-3' exonuclease, strand displacing poly-
merase, ligase and ss binding protein is added to the mixture
of ss oligonucleotide and the vectors so as to permit the
S'end of the ds DNA vector to be chewed back so as to
produce ss overhangs (9). The 3' end of the ss DNA is then
able to anneal to a 5' end of the vector and the DNA
polymerase then replicates the ss template to fill the gap and
produce a blunt ended ds DNA. The nick is sealed by ligase
(10). Again, the exonuclease (here TS exonuclease) chews
back the 5' end this time on the blunt end of the target DNA
producing 3' ss regions so as to permit annealing of the
complementary sequences and completion of the ds integra-
tion of target DNA into the DNA vector (11). Fragments can
anneal with DNA polymerase filling the gap and ligase
sealing the nick. (12) to produce a synthon.

FIG. 8A-8C shows the workflow for bridging ds DNA by
a short ss oligonucleotide. (The protocol is described in FIG.
D.
FIG. 8A provides an example of a sequence of a short ss
oligonucleotide for integration into a ds DNA vector shown
here as a CRISPR Nuclease Vector with OFP Reporter

FIG. 8B shows the workflow starting with a ss oligo-
nucleotide and a ds CRISPR Nuclease Vector (9424 bp)
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treated with 5'-3' exonuclease, strand displacing polymerase,
a ligase and ass binding protein (13) to produce a complete
ds circular DNA. This DNA was transformed into competent
cells (14). After an overnight incubation, the colonies were
analyzed by a mini-prep and then the plasmids sequenced
(15). FIG. 8C shows the insert and adjacent sequences (SEQ
1D NO:106) of U6 promoter sequence (vector) including the
designed ss oligonucleotide (7 1mer), and scaffold template-
specific sequence (vector). The ss oligonucleotide (71mer)
including an overlap region of 25 nucleotides at each end (21
nucleotides of the target DNA in bold)) was properly inte-
grated into the vector in host cells.

FIG. 9A-9C show that a similar workflow to that in FIG.
8 can be used for an ss oligonucleotide having degenerate
bases between the overlapping ends. Again the starting
sequence in FIG. 9A is shown above the workflow (FIG. 9B)
and the Sanger-sequencing results from colonies from
assembly pool is shown below (FIG. 9C) with the solid line
referring to a pool of sgRNA targeting sequences. The
sgRNA targeting sequence contained 21 variable nucleotide
positions providing 4** variants. The pool contained every
possible variant and each variant was amenable to cloning
reflecting the degeneracy of the sequence between the
overlapping ends and the vector. FIG. 9A shows the
sequence of a ss oligonucleotide containing degenerate
bases (SEQ ID NO:29). The sgRNA targeting sequence of
FIG. 9A was inserted between a U6 promoter sequence and
a scaffold template specific sequence of the vector (16),
transformed into host cells (17) and analyzed for synthons
by miniprep and sequencing (18) as described above and
herein. Sanger sequencing was performed on clones from
the assembly pool. An example of a sequence is provided in
FIG. 9C (SEQ ID NO:108).

FIG. 10 presents the results of 187 colonies selected from
a plate after the assembly reaction products were trans-
formed into E. coli. Each colony was PCR amplified and
sequenced to confirm the insertion of the ss DNA and the
distribution of degenerate bases were analyzed. The results
shown here confirmed that indeed different colonies con-
tained different degenerate sequences. No bias was detected.
Analysis was carried out by first converting the sequences
into a fastq file and then using the fastx_quality_stats tool
from the fastx toolkit on github. The sequence logo was
created using weblogo from Berkeley.

DESCRIPTION OF TERMS

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Singleton, et al., DICTIONARY OF
MICROBIOLOGY AND MOLECULAR BIOLOGY, 2D
ED., John Wiley and Sons, New York (1994), and Hale &
Markham, THE HARPER COLLINS DICTIONARY OF
BIOLOGY, Harper Perennial, N.Y. (1991) provide one of
skill with the general meaning of many of the terms used
herein. Still, certain terms are defined below for the sake of
clarity and ease of reference.

As used herein, the term “synthon” as used in the field of
gene synthesis refers to a polynucleotide assembly. Poly-
nucleotide assembly may include assembling overlapping
fragments of a size that can be prepared on an oligonucle-
otide synthesizer which at the present time is generally
2000-3000 bases for each synthetic polynucleic acid. Alter-
natively, overlapping fragments may be obtained by PCR
from naturally occurring nucleic acid to which adaptors have
been attached to provide the overlapping sequences. For
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assembly purposes there is no limitation on the size of each
fragment. Many fragments can be assembled end to end
relying on overlapping sequences at the ends to enable
constructs of any desirable length to be made accurately and
efficiently. Preferably a synthon is a continuous longer
polynucleotide that does not contain gaps or nicks that are
formed from the assembly of shorter polynucleotides. The
length of synthons resulting from assembly of nucleic acid
fragments is not limited to any particular size however.

As used herein, the term “5'-3' exonuclease”, refers to an
exonuclease that degrades DNA from the 5' end, i.e., in the
5' to 3' direction. 5'-3' exonucleases of interest can remove
nucleotides from the 5' end of a strand of ds DNA at a blunt
end and, in certain embodiments, at a 3' and or 5' overhang.
T5 exonuclease, lambda exonuclease and T7 exonuclease
are examples of 5'-3' exonucleases. In certain embodiments,
T5 exonuclease is preferred. TS exonuclease additionally
has a ss endonuclease activity.

As used herein, the term “ligase”, refers to an enzyme that
can covalently join a 3' end of a DNA molecule to a 5' end
of another DNA molecule, particularly at a nick. Examples
of ligases include T7 ligase, T4 DNA ligase, E. coli DNA
ligase and Taq ligase, although many others are known and
may be used herein.

As used herein, the term “strand-displacing polymerase”,
refers to a polymerase that is able to displace one or more
nucleotides, such as at least 10 or 100 or more nucleotides
that are downstream from the enzyme. Strand displacing
polymerases can be differentiated from Phusion where the
art recognized definition of Phusion is a non-strand displac-
ing polymerase. In some embodiments, the strand displacing
polymerase is stable and active at a temperature of at least
50° C. or at least 55° C. (including the strand displacing
activity). Taq polymerase is a nick translating polymerase
and, as such, is not a strand displacing polymerase.

As used herein, the term “single strand (ss) DNA binding
protein”, refers to proteins that bind to ss DNA and prevent
premature annealing, protect the ss DNA from being
digested by nucleases, and polymerases and/or remove sec-
ondary structure from the DNA to allow other enzymes to
function effectively upon it. Inclusion of a ss binding protein
in the compositions described herein is preferable to opti-
mize the efficiency of synthon formation. Examples of ss
DNA binding proteins are T4 gene 32 protein, E. coli SSB,
T7 gp2.5 SSB, and phage phi29 SSB, and ET SSB although
many others, e.g., RedB of lambda phage, RecT of Rac
prophage and the sequences listed below, are known and
may be used herein. A thermostable ss DNA binding protein
that is stable at 50° C. may be used in some cases. Thus, in
one embodiment of the composition, kit, or method of the
invention, the ss DNA binding protein is T4 gene 32 protein,
E. coli SSB, T7 gp2.5 SSB, phage phi29 SSB, ET SSB,
RedB of lambda phage, or RecT of Rac prophage. In one
embodiment, the ss DNA binding protein is ET SSB. In one
embodiment of the composition, kit, or method of the
invention, the ss DNA binding protein is thermostable (i.e.
stable at 40° C.-60° C.).

As used herein, the term “buffering agent”, refers to an
agent that allows a solution to resist changes in pH when
acid or alkali is added to the solution. Examples of suitable
non-naturally occurring buffering agents that may be used in
the compositions, kits, and methods of the invention include,
for example, Tris, HEPES, TAPS, MOPS, tricine, or MES.

The term “non-naturally occurring” refers to a composi-
tion that does not exist in nature.

Any protein described herein may be non-naturally occur-
ring, where the term “non-naturally occurring” refers to a
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protein that has an amino acid sequence and/or a post-
translational modification pattern that is different to the
protein in its natural state. For example, a non-naturally
occurring protein may have one or more amino acid substi-
tutions, deletions or insertions at the N-terminus, the C-ter-
minus and/or between the N- and C-termini of the protein.
A “non-naturally occurring” protein may have an amino acid
sequence that is different to a naturally occurring amino acid
sequence (i.e., having less than 100% sequence identity to
the amino acid sequence of a naturally occurring protein) but
that that is at least 80%, at least 85%, at least 90%, at least
95%, at least 97%, at least 98% or at least 99% identical to
the naturally occurring amino acid sequence. In certain
cases, a non-naturally occurring protein may contain an
N-terminal methionine or may lack one or more post-
translational modifications (e.g., glycosylation, phosphory-
lation, etc.) if it is produced by a different (e.g., bacterial)
cell. A “mutant” protein may have one or more amino acid
substitutions relative to a wild-type protein and may include
a “fusion” protein. The term “fusion protein” refers to a
protein composed of a plurality of polypeptide components
that are unjoined in their native state. Fusion proteins may
be a combination of two, three or even four or more different
proteins. The term polypeptide includes fusion proteins,
including, but not limited to, a fusion of two or more
heterologous amino acid sequences, a fusion of a polypep-
tide with: a heterologous targeting sequence, a linker, an
immunologically tag, a detectable fusion partner, such as a
fluorescent protein, -galactosidase, luciferase, etc., and the
like. A fusion protein may have one or more heterologous
domains added to the N-terminus, C-terminus, and or the
middle portion of the protein. If two parts of a fusion protein
are “heterologous”, they are not part of the same protein in
its natural state.

In the context of a nucleic acid, the term “non-naturally
occurring” refers to a nucleic acid that contains: a) a
sequence of nucleotides that is different to a nucleic acid in
its natural state (i.e. having less than 100% sequence identity
to a naturally occurring nucleic acid sequence), b) one or
more non-naturally occurring nucleotide monomers (which
may result in a non-natural backbone or sugar that is not G,
A, T or C) and/or ¢) may contain one or more other
modifications (e.g., an added label or other moiety) to the
5'-end, the 3' end, and/or between the 5'- and 3'-ends of the
nucleic acid.

In the context of a preparation, the term “non-naturally
occurring” refers to: a) a combination of components that
are not combined by nature, e.g., because they are at
different locations, in different cells or different cell com-
partments; b) a combination of components that have rela-
tive concentrations that are not found in nature; ¢) a com-
bination that lacks something that is usually associated with
one of the components in nature; d) a combination that is in
a form that is not found in nature, e.g., dried, freeze dried,
crystalline, aqueous; and/or e) a combination that contains a
component that is not found in nature. For example, a
preparation may contain a “non-naturally occurring” buff-
ering agent (e.g., Tris, HEPES, TAPS, MOPS, tricine or
MES), a detergent, a dye, a reaction enhancer or inhibitor, an
oxidizing agent, a reducing agent, a solvent or a preservative
that is not found in nature.

It may be desirable to use a strand displacing polymerase
that has 3' exonuclease activity. While not wishing to be
limited by theory, the 3' exonuclease activity is desirable to
remove a flap sequence on the 3' end of a duplex where the
flap sequence may be the result of enzyme cleavage to
extract the target polynucleotide from the plasmid in which
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it is placed. This is the case when Notl is used as described
in the examples. However, if a restriction endonuclease is
used that creates a blunt end on the excised fragment,
3'exonuclease activity may not be required.

The 3' exonuclease activity can be routinely determined
by using a standard DNA template and primers where the
primers either have or do not have non-hybridized 3' nucleo-
tides. If the polymerase has 3' exonuclease activity, an
amplicon will be detected using either primer pair. If the
polymerase lacks the 3' exonuclease activity, no amplicon
will be detected using those primers having a non-hybrid-
ized 3' nucleotide.

As used herein, the term “potassium salt”, refers to a salt
of potassium including, but not limited to, KCI. The term
“sodium salt”, refers to a salt of sodium including, but not
limited to, NaCl.

As used herein, the term “polynucleotide” encompasses
oligonucleotides and refers to a nucleic acid of any length.
Polynucleotides may be DNA or RNA. Polynucleotides may
be ss or ds unless specified. Polynucleotides may be syn-
thetic, for example, synthesized in a DNA synthesizer, or
naturally occurring, for example, extracted from a natural
source, or derived from cloned or amplified material. Poly-
nucleotides referred to herein may contain modified bases.

As used herein, the term “set of polynucleotides”, refers
to a collection of at least 2 polynucleotides. In some embodi-
ments, a set of polynucleotides may comprise at least 5, at
least 10, at least 12 or at least 15 or more polynucleotides.

As used herein, the term “overlapping sequence”, refers to
a sequence that is complementary in two polynucleotides
and where the overlapping sequence is ss, on one polynucle-
otide it can be hybridized to another overlapping comple-
mentary ss region on another polynucleotide. By way of
example, the overlapping sequence may be complementary
in at least 5, 10, 15, or more polynucleotides in a set of
polynucleotides. An overlapping sequence may be at or
close to (e.g., within about 5, 10, 20 nucleotides of) the 3'
ends of two distinct molecules (e.g., the 3' ends of two ss
oligonucleotides, or the 3' end of the top strand of first ds
polynucleotide and the 3' end of the bottom strand of a
second ds molecule), where, if the non-overlapping
sequence is at the 3' ends then the non-overlapping sequence
may be removed using a 3'-5' exonuclease activity of a
polymerase. An overlapping sequence may vary in length
and, in some cases, may be at least 12 nucleotides in length
(e.g. at least 15, 20 or more nucleotides in length) and/or
may be up 100 nucleotides in length (e.g., up to 50, up to 30,
up to 20 or up to 15 nucleotides in length). Alternatively,
overlapping sequences in the set of polynucleotides may be
2 kb or less, or 1 kb or less or less than 900 bases, 800 bases,
700 bases, 600 bases, 500 bases, 400 bases, 300 bases, 200
bases or 100 bases. Preferably the overlapping sequence
length is in the range of 15 nucleotides-80 nucleotides for
example up to 20, up to 25, up to 30, up to 35, up to 40, up
to 45, up to 50, up to 55, up to 60, up to 65, up to 70, up to
75, or up to 80 nucleotides. The minimum length of the
overlap may be defined by a Tm that is preferably equal to
or greater than 48° C.

As used herein, the term “polynucleotide assembly”,
refers to a reaction in which two or more, four or more, six
or more, eight or more, ten or more, 12 or more 15 or more
polynucleotides, e.g., four or more polynucleotides are
joined to another to make a longer polynucleotide. The
product of a polynucleotide assembly reaction, i.e., the
“assembled polynucleotide” or “synthon” in many embodi-
ments should contain one copy of each of the overlapping
sequences.
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As used herein, the term “incubating under suitable reac-
tion conditions”, refers to maintaining a reaction a suitable
temperature and time to achieve the desired results, i.e.,
polynucleotide assembly. Reaction conditions suitable for
the enzymes and reagents used in the present method are
known (e.g. as described in the Examples herein) and, as
such, suitable reaction conditions for the present method can
be readily determined. These reactions conditions may
change depending on the enzymes used (e.g., depending on
their optimum temperatures, etc.).

As used herein, the term “isothermal” refers to tempera-
ture conditions that do not require active modulation of
temperature for assembly to occur. Insignificant variations in
the temperature of a water bath or heating block are within
the scope of the meaning of the term isothermal. By way of
example, the term “isothermal”, may refer to reaction con-
ditions that do not require a heat denaturation step after the
reaction has started. More specifically, isothermal methods
do not involve thermocycling, i.e., cycling between a dena-
turation temperature of above 90° C. and an annealing/
extension temperature. Isothermal conditions usually
involve incubation at a temperature that is below 90° C. for
a period of time (e.g., 5 minutes to 12 hours or more). In one
embodiment, isothermal amplification reactions were per-
formed at a temperature in the range of 30° C.-75° C., for
example, 40° C.-60° C.

As used herein, the term “joining”, refers to the produc-
tion of covalent linkage between two sequences.

As used herein, the term “composition” refers to a com-
bination of reagents that may contain other reagents, e.g.,
glycerol, salt, dNTPs, etc., in addition to those listed. A
composition may be in any form, e.g., aqueous or
lyophilized, and may be at any state (e.g., frozen or in liquid
form).

As used herein a “vector” is a suitable DNA into which a
fragment or a synthon may be integrated such that the
engineered vector can be replicated in a host cell. A linear-
ized vector may be created restriction endonuclease diges-
tion of a circular vector or by PCR. The concentration of
fragments and/or linearized vectors can be determined by
gel electrophoresis or other means.

Any one or more of the proteins (e.g., the ligase, SSBP,
5'-3' exonuclease or polymerase, etc.) used herein may be
temperature sensitive or thermostable where, as used herein,
the term “temperature sensitive” refers to an enzyme that
loses at least 95% of its activity after 10 minutes at a
temperature of 65° C., and the term “thermostable” refers to
an enzyme that retains at least 95% of its activity after 10
minutes at a temperature of 65° C.

DETAILED DESCRIPTION OF EMBODIMENTS

Before various embodiments are described in greater
detail, it is to be understood that the teachings of this
disclosure are not limited to the particular embodiments
described, and as such can, of course, vary. It is also to be
understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is
not intended to be limiting, since the scope of the present
teachings will be limited only by the appended claims.

While the present teachings are described in conjunction
with various embodiments, it is not intended that the present
teachings be limited to such embodiments. On the contrary,
the present teachings encompass various alternatives, modi-
fications, and equivalents, as will be appreciated by those of
skill in the art.
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Where a range of values is provided, it is understood that
each intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated
or intervening value in that stated range is encompassed
within the present disclosure.

Although any methods and materials similar or equivalent
to those described herein can also be used in the practice or
testing of the present teachings, the some exemplary meth-
ods and materials are now described.

The citation of any publication is for its disclosure prior
to the filing date and should not be construed as an admis-
sion that the present claims are not entitled to antedate such
publication by virtue of prior invention. Further, the dates of
publication provided can be different from the actual pub-
lication dates which can need to be independently con-
firmed.

It must be noted that as used herein and in the appended
claims, the singular forms “a”, “an”, and “the” include plural
referents unless the context clearly dictates otherwise. It is
further noted that the claims can be drafted to exclude any
optional element. As such, this statement is intended to serve
as antecedent basis for use of such exclusive terminology as
“solely,” “only” and the like in connection with the recita-
tion of claim elements, or use of a “negative” limitation.

As will be apparent to those of skill in the art upon reading
this disclosure, each of the individual embodiments
described and illustrated herein has discrete components and
features which can be readily separated from or combined
with the features of any of the other several embodiments
without departing from the scope or spirit of the present
teachings. Any recited method can be carried out in the order
of events recited or in any other order which is logically
possible.

The sequences that overlap in the set of polynucleotides
may be of any suitable length such as 2 kb or less, or 1 kb
or less or less than 900 bases, 800 bases, 700 bases, 600
bases, 500 bases, 400 bases, 300 bases, 200 bases or 100
bases. The overlapping region may be as few as 8 nucleo-
tides. Preferably the overlapping sequence length is in the
range of 15 nucleotides-80 nucleotides for example up to 20,
up to 25, up to 30, up to 35, up to 40, up to 45, up to 50, up
to 55, up to 60, up to 65, up to 70, up to 75, or up to 80
nucleotides. For example, the minimum length of the over-
lap may be defined by a Tm that is preferably equal to or
greater than 48° C.

Synthetic oligonucleotides and polynucleotides may con-
tain errors created during their synthesis prior to their use in
synthon assembly. To correct these errors prior to assembly,
it is desirable to perform a mismatch repair step. To this end,
various methods have been described to achieve mismatch
repair of the synthetic nucleic acids prior to assembly. A
population of synthetic nucleic acids may have random
errors so that denaturation and renaturation of the prepara-
tion may reveal mismatches. Proteins that have been isolated
from nature such as mutHLS, cel-1 nuclease, T7 endo 1,
uvrD, T4 EndoVII, E. coli EndoV, (see U.S. Pat. No.
7,851,192 and U.S. Pat. No. 8,048,664) that can bind
selectively to DNA duplexes containing mismatches; cleave
nucleic acids at the mismatched bases and optionally replace
with correct bases based on the nucleotide sequences of the
templates.

Despite teaching in the art that a non-strand displacing
polymerase must be utilized with a ss binding protein,
5'-3'-exonuclease and ligase to assemble fragments of DNA,
it has been surprisingly shown herein that a strand displacing
polymerase may be used under conditions where strand
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displacement occurs and that this is efficient at surprising
low concentrations of starting polynucleotide fragments to
effectively generate a single nucleic acid from a plurality of
fragments.

Examples of strand displacing polymerases that may be
used in embodiments of an assembly mixture, composition,
kit, or method of the invention include members of family
B polymerases, such as (but not limited to) any of those
identified in Table 1 (SEQ ID NOs:33-55). In addition,
fusions of such polymerases may be used, for example
fusions between a plurality of polymerases and/or ss binding
domains (such as shown in Table 2) (SEQ ID NOs: 56-97).
In embodiments any of the polymerase moieties in Table 1
or proteins having at least 80%, 85%, 90%, 95% 98%, 99%
or 100% amino acid sequence identity to any of these protein
moieties in Table 1 may be fused at the N-terminal end or the
C-terminal end to any of the DNA binding domains
described in Table 2 or a protein moiety have at least 80%,
85%, 90%, 95% 98%, 99% or 100% amino acid sequence
identity to any of the DNA binding moieties in Table 2 to
form a strand displacing fusion polymerase for use herein.
The DNA binding domain may optionally be fused to the
N-terminal end or the C-terminal end of the polymerase.

Variants of other polymerases or novel isolates that are
revealed to be strand displacing as determined by the assay
provided herein (see for example, FIG. 1A-1E and Example
1) may also be used. Sequences of the polymerases found
from these sources are readily accessible through GenBank.
Because of the high degree of conservation of strand dis-
placing sequences, any variant having 80%, 85%, 90%, or
95% amino acid sequence identity with such wild type
polymerases might be expected to have strand displacing
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properties that can be quickly and easily verified in the assay
provided in Example 1 in a preselected buffer without undue
experimentation.

In one embodiment, the reaction mixture, composition,
kit, or method of the invention comprises or uses a strand
displacing polymerase having at least 80%, 85%, 90%, 95%,
98%, 99% or 100% sequence identity with SEQ ID NO:1 or
SEQ ID NO:102 (e.g. 100% sequence identity with SEQ 1D
NO:1 or SEQ ID NO:102). In another embodiment, the
reaction mixture, composition, kit, or method of the inven-
tion comprises or uses a polymerase having a binding
domain having at least 80%, 85%, 90%, 95%, 98%, 99% or
100% sequence identity with SEQ ID NO:2 (e.g. 100%
sequence identity with SEQ ID NO:2). In another embodi-
ment, the reaction mixture, composition, kit, or method of
the invention comprises or uses a polymerase having at least
80%, 85%, 90%, 95%, 98%, 99% or 100% sequence identity
with SEQ ID NO:1, or SEQ ID NO:102 and SEQ ID NO:2,
or SEQ ID NO:3 or any of SEQ ID NOs:33-97 (e.g. 100%
sequence identity with SEQ ID NO:1 or SEQ ID NO: 102,
and SEQ ID NO:2 or SEQ ID NO:3 or any of SEQ ID
NOs:33-97). These compositions may be used in reaction
conditions in which the polymerase is strand displacing. The
compositions may be used in reaction conditions in which
any 3'-5' exonuclease activity associated with the poly-
merase activity is active. This may be helpful when a
restriction enzyme is used in the reaction such as Notl. In
this case, the 3'-5' exonuclease may remove a flap sequence
on the 3' end of the duplex. However, if a restriction
endonuclease is used that creates a blunt end on the excised
fragment, 3'-5' exonuclease activity may not be required.
The assembly reaction may be performed under isothermal
conditions. In one embodiment the isothermal conditions are
50° C.

TABLE 1

Table of polymerases

Methanocaldococcus vulcanius M7 SP-13  gil502573182  SEQ ID NO: 33
Archaeoglobus fulgidus DSM 4304 SP-16  gil499180464  SEQ ID NO: 34
Archaeoglobus profundus DSM 5631 SP-17  gil502704426  SEQ ID NO: 35
Caldicellulosiruptor hydrothermalis 108 ~ SP-19  gil503168530  SEQ ID NO: 36
Desulfurococcus mucosus DSM 2162 SP-27  gil503328138  SEQ ID NO: 37
Pyrolobus fumarii SP-29  gil503791850  SEQ ID NO: 38
Pyrobaculum oguniense CH SP-30  gil379003208  SEQ ID NO: 39
Staphylothermus marinus F1 SP-33  gil500164563  SEQ ID NO: 40
Pyrococcus yayaosii CH1 SP-42  gil503672202 SEQ ID NO: 41
Thermococcus sp. AM4-del SP-43  gil503888003  SEQ ID NO: 42
Thermococcus hydrothermalis SP-44  gil17375628 SEQ ID NO: 43
Thermococcus thioreducens SP-45  gill17958105  SEQ ID NO: 44
Thermococcus waiotapuensis SP-46  gil378813034 SEQ ID NO: 45
Thermococcus sibiricus MM 739 SP-47  gil506329477  SEQ ID NO: 46
Pyrococcus glycovorans SP-48  gil7288074 SEQ ID NO: 47
Pyrococcus sp. NA2 SP-49  gil503513858  SEQ ID NO: 48
Ferroglobus placidus DSM 10642 SP-61  gil502730992  SEQ ID NO: 49
Palaeococcus ferrophilus DSM 13482 SP-5 gil851288004  SEQ ID NO: 50
Thermococcus gammatolerans EI3 SP-50  gil506339349  SEQ ID NO: 51
Thermococcus celericrescens SP-51  gil332308985  SEQ ID NO: 52
Vulcanisaeta distributa DSM 14429 SP-60  gil503101260  SEQ ID NO: 53
Methanopyrus kandleri AV19 SP-7 81120094475 SEQ ID NO: 54
Thermoproteus neutrophilus V24Sta SP-9 gil171185774  SEQ ID NO: 55
TABLE 2
DNA binding proteins
DNA-binding protein Tfx BD-51 gil499321160  SEQ ID NO: 56
AbrB/MazE/MraZ-like BD-52  gil499321199  SEQ ID NO: 57
“Winged helix” DNA-binding domain BD-54  gil499322061 SEQ ID NO: 58
Ribbon-helix-helix protein, copG family BD-62 gil499321149  SEQ ID NO: 59
lambda repressor-like DNA-binding domains BD-63  gil499322443  SEQ ID NO: 60
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TABLE 2-continued
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DNA binding proteins

Resolvase-like BD-67 gil499322676 SEQ ID NO: 61
“Winged helix” DNA-binding domain BD-71 gil499322676 SEQ ID NO: 62
“Winged helix” DNA-binding domain BD-74  gil499322255 SEQ ID NO: 63
“Winged helix” DNA-binding domain BD-75 gil499322388 SEQ ID NO: 64
“Winged helix” DNA-binding domain BD-81 gil499322131 SEQ ID NO: 65
“Winged helix” DNA-binding domain BD-82 gil499321342  SEQ ID NO: 66
“Winged helix” DNA-binding domain BD-85 gil499321130  SEQ ID NO: 67
“Winged helix” DNA-binding domain BD-86  gil499322705 SEQ ID NO: 68
“Winged helix” DNA-binding domain BD-88  gil499320855 SEQ ID NO: 69
“Winged helix” DNA-binding domain BD-89  gil499322250  SEQ ID NO: 70
“Winged helix” DNA-binding domain BD-91 gil499321633 SEQ ID NO: 71
“Winged helix” DNA-binding domain BD-92  gil490170077  SEQ ID NO: 72
“Winged helix” DNA-binding domain BD-93  gil499321272  SEQ ID NO: 73
“Winged helix” DNA-binding domain BD-94 gil499320919  SEQ ID NO: 74
“Winged helix” DNA-binding domain BD-97 gil499320853  SEQ ID NO: 75
“Winged helix” DNA-binding domain BD-98  gil499321734 SEQ ID NO: 76
“Winged helix” DNA-binding domain BD-100 gil499322439  SEQ ID NO: 77
“Winged helix” DNA-binding domain BD-102 gil499322707 SEQ ID NO: 78
“Winged helix” DNA-binding domain BD-109 gil499321112  SEQ ID NO: 79
HCP-like BD-02 gil351675391  SEQ ID NO: 80
Helix-turn-helix domain, rpiR family BD-03  gil500479591  SEQ ID NO: 81
Helix-turn-helix domain, rpiR family BD-04  gil15643984 SEQ ID NO: 82
Bacterial regulatory proteins, lacI family BD-07  gill5643711 SEQ ID NO: 83
Bacterial regulatory proteins, lacI family BD-08  gill15643974 SEQ ID NO: 84
Bacterial regulatory proteins, lacI family BD-09  gil15643956 SEQ ID NO: 85
Bacterial regulatory proteins, lacI family BD-11  gil500480095  SEQ ID NO: 86
lambda repressor-like DNA-binding domains BD-12  gil15643421 SEQ ID NO: 87
“Winged helix” DNA-binding domain BD-14  gil15644350 SEQ ID NO: 88
“Winged helix” DNA-binding domain BD-16  gil24159093 SEQ ID NO: 89
“Winged helix” DNA-binding domain BD-18  gil15643139 SEQ ID NO: 90
“Winged helix” DNA-binding domain BD-23  gil15642807 SEQ ID NO: 91
“Winged helix” DNA-binding domain BD-24  gill15643159 SEQ ID NO: 92
“Winged helix” DNA-binding domain BD-30  gil15643333 SEQ ID NO: 93
“Winged helix” DNA-binding domain BD-32  gill15643055 SEQ ID NO: 94
“Winged helix” DNA-binding domain BD-37  gill15643827 SEQ ID NO: 95
“Winged helix” DNA-binding domain BD-43  gil15643699 SEQ ID NO: 96
Homeodomain-like BD-45 gil15643788 SEQ ID NO: 97
35

In an embodiment of the invention, the reaction mixture,
composition, kit or method may include or use a 5'-3'
exonuclease such as T5/5'-3'-exonuclease that is temperature
sensitive and can be inactivated by raising the temperature
above 50° C. In one embodiment, the 5'-3' exonuclease has
exonuclease activity and ss endonuclease activity. In some
embodiments, a reaction mixture may further include a
ligase for example, an NAD* requiring ligase and/or a
thermostable ligase, for example Taq ligase. In preferred
embodiments, the reaction mixture may include a ss binding
protein. The ss binding protein may be thermostable for
example, ET SSB. The assembly reaction may be performed
under isothermal conditions.

In certain embodiments, the use of a ligase is optional. For
example, where an assembled fragment is introduced
directly into a vector for transformation of a host cell, a
ligase is not required as the host cell such as E. coli may be
capable of repairing nicks in vivo. However, if the
assembled fragment is amplified for purposes of confirming
correct assembly prior to transformation, it is desirable to
use a ligase to close nicks and enable a polymerase to
amplify the entire target DNA.

Cloning of individual fragments may use chemically
synthesized polynucleotide fragments with sequences
obtained from any database or publication where the poly-
nucleotide fragments have overlapping sequences. These
can be cloned in a plasmid by inserting the polynucleotide
into a site in the plasmid adjacent to restriction enzyme sites
suitable for excision of the inserted polynucleotide.

Any plasmid may be used. The present examples utilize
the commercially available pACYC184 that contains the

40

45

55

60

65

chloramphenicol gene as a selectable marker. Any selectable
marker may be used in place of chloramphenicol resistance
gene. Similarly a specific recognition site for any cleavage
enzyme capable of specifically cleaving at the ends of the
oligonucleotide to generate either staggered ends or blunt
ends may be selected where the specific cleavage site does
not occur in the fragments of interest in addition to the
engineered position adjacent to the ends of the fragment of
interest. In the present examples, the recognition site for the
eight base cutter Notl (CGCCGGCQG) that produces stag-
gered ends has been introduced adjacent to the polynucle-
otide of interest by means of DNA synthesis. However, this
site may be present in a plasmid of choice or added to the
synthetic oligonucleotide of interest by a primer for ampli-
fication. Examples of specific cleavage enzymes include
restriction endonucleases and homing endonucleases.
Once the oligonucleotide or DNA fragment of interest has
been chemically synthesized cloned or amplified from an
existing DNA and cloned into a vector with a selectable
marker, it is excised preferably by enzyme cleavage. The
fragments or oligonucleotides that have been synthesized or
amplified so as to incorporate overlapping sequence with an
adjacent fragment or oligonucleotide to which it is intended
to be joined are then assembled in an assembly reaction.
Under the hybridization conditions selected, the 5'-3'
exonuclease in the reaction mixture (for example, at a
concentration in the range of 0.004-0.016 U/ul) chews back
any ss region at the 5' end of the fragment or oligonucleotide
and continues to chew back through the region of overlap-
ping sequences and may continue further continues for a
limited distance (for example, at least 100 bases) to provide
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a 3' ss region (see for example, FIGS. 2A-2C and 7). At the
same time, the strand-displacing polymerase as defined by
the assay in FIG. 1A-1E and Example 1 (for example, at a
concentration in the range ot 0.005 U/ul-0.5 U/pul) repairs the
gap remaining between the hybridized ds region and any
residual ss region. Since the polymerase is strand-displacing,
it may displace additional downstream sequences to form an
ss flap. However, TS exonuclease ss endonuclease activity
will remove this flap and any associated nick may be
repaired by a ligase (for example, at a concentration in the
range of 0.001 U/ul-20 U/ul).

Once fragments are assembled into a larger piece of DNA
which are cloned in colonies of host cells under selective
pressure, the DNA from these colonies can be rescued from
the vectors and again assembled with other fragments and
transformed into host cells thus expanding the size of the
DNA many times. The host cell may be a competent
bacterial cell or may be a yeast cell or other eukaryotic cell.

The assembly process as described herein has been found
to be very efficient. For example, 0.02 nM-100 nM of
oligonucleotide (ss) or DNA fragment (ds) may be utilized
to assemble a larger fragment where the concentration of ss
oligonucleotides used in a reaction can be up to approxi-
mately 50 times more than the amount of ds DNA fragments
used in a similar assembly reaction. Similarly, equal molar-
ity of plasmid containing a single fragment and a selectable
marker and a similar amount of the vector containing the
assembled fragments with a different selectable marker may
be used. These amounts are intended as guides but can be
reduced whether the efficiency of the assembly is enhanced.
For example, addition of the potassium salt, KCl can
increase efficiency of productive assembly by 1.5 fold as
determined by the number of colonies using the assembly of
lac1Z as an indicator (see for example FIG. 5).

The assembly process for ss target oligonucleotides
between two ds DNA molecules or into a linearized vector
is also very efficient. An example is provided herein which
is not intended to be limiting that uses specific/random
sequences to identify guide RNAs for CRISPR-Cas gene
editing protocols that can be introduced into cells to deter-
mine an altered phenotype. At the outset, it may not be
known what sequence might be suitable for achieving this
goal. The generation of a library containing degenerate
sequences makes this type of analysis possible. CRISPR/
Cas9-based gene editing is quickly growing in popularity in
the field of genome editing. Due to the size of most
commonly used Cas9-containing plasmids, construction of a
sgRNA or sgRNA library into a Cas9/sgRNA expression
vector can be cumbersome. This approach solves this prob-
lem, using ss DNA oligonucleotides.

In a separate embodiment, any DNA binding domain from
Table 2 may be fused to a Bst polymerase, Bst large
fragment or mutant thereof (see for example, U.S. Pat. No.
8,993,298 and US 2015/0152396 including all the Bst
variants described and claimed therein).

Kits

Also provided by the present disclosure are kits for
practicing the subject method as described above. In certain
embodiments, a subject kit may contain: i. a 5'-3' exonu-
clease, ii. an optional a ligase, iii. a strand-displacing poly-
merase; and iv. a ss DNA binding protein. The components
of the kit may be combined in one container, or each
component may be in its own container. For example, the
components of the kit may be combined in a single reaction
tube or in one or more different reaction tubes. Further
details of the components of this kit are described above.
The kit may also contain other reagents described above and
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below that may be employed in the method, e.g., a mismatch
repair enzyme such as mutHLS, cel-1 nuclease, T7 endo 1,
uvrD, T4 EndoVII, E. coli EndoV, a buffer, ANTPs, plasmids
into which to insert the synthon and/or competent cells to
receive the plasmids, controls etc., depending on how the
method is going to be implemented. In some embodiments,
the kit does not contain a non-strand displacing polymerase
and/or a crowding agent.

In addition to above-mentioned components, the subject
kit further includes instructions for using the components of
the kit to practice the subject method. The instructions for
practicing the subject method are generally recorded on a
suitable recording medium. For example, the instructions
may be printed on a substrate, such as paper or plastic, etc.
As such, the instructions may be present in the kits as a
package insert, in the labeling of the container of the kit or
components thereof (i.e., associated with the packaging or
subpackaging) etc. In other embodiments, the instructions
are present as an electronic storage data file present on a
suitable computer readable storage medium, e.g. CD-ROM,
diskette, etc. In yet other embodiments, the actual instruc-
tions are not present in the kit, but means for obtaining the
instructions from a remote source, e.g. via the internet, are
provided. An example of this embodiment is a kit that
includes a web address where the instructions can be viewed
and/or from which the instructions can be downloaded. As
with the instructions, this means for obtaining the instruc-
tions is recorded on a suitable substrate.

Compositions, kits and methods for assembling fragments
and forming synthons as described herein result in a product
that is a ds fully sealed DNA that can serve as a template for
PCR, RCA or a variety of other molecular biology applica-
tions including direct transformation or transfection of a
competent bacterial or eukaryotic host cell.

In order to further illustrate the present invention, the
following specific examples are given with the understand-
ing that they are being offered to illustrate the present
invention and should not be construed in any way as limiting
its scope.

All references cited herein including U.S. Provisional Ser.
No. 62/042,527, filed Aug. 27, 2014, 62/189,599, filed Tul.
7, 2015 plus 62/193,168, filed on Jul. 16, 2015, are incor-
porated by reference.

EXAMPLES
Example 1

Assay to Establish Strand Displacement Properties
of a Polymerase

An assay was developed to differentiate between strand-
displacing and non-strand displacing polymerases—A 10 pl
reaction containing 10 nM FAM-primer/Template/blocking
oligonucleotide, Ix THERMOPOL® buffer (New England
Biolabs, Ipswich, Mass.) (FIG. 1A) and 0.1 mM dNTP was
prepared. FIG. 1B is the control which is the FAM labeled
primer absent any polymerase. When a strand displacing
DNA polymerase was added to the reaction, and incubated
at 50° C. for 30 minutes with 1 pl of sample diluted 10 fold
and analyzed by capillary electrophoresis, the FAM primer
was extended through the blocking oligonucleotide which
was displaced. The results are shown in FIG. 1D-1E. The
position of the peak in FIG. 2D for Bst polymerase, an
established strand displacing polymerase corresponds to the
peak observed for a non-natural polymerase, SPB49F. The
small size shift results from a blunt end generated by
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SPB49F resulting from 3'-5' exonuclease activity which is
absent in Bst polymerase such that the product of Bst

26

-continued
Not-IZ F1

L7 , (SEQ ID NO: 6)
polymerase replication has a 3d.A. FIG. 1C shows the GCaECCaCgtcctegecgaaaat gaceeagag
product of a non-strand displacing polymerase-T4DNA
polymerase where synthesis is terminated at the blocking 3 Not-IZ R1
primer. (SEQ ID NO: 7)
GCGGCCGCtggtgtcgatggtagaacgaagcy
Example 2 Not-IZ F2
(SEQ ID NO: 8)
Synthesis of a Large DNA Molecule from 6 10 GCEGCCGCeccactgacgegttgegegagaay
Fragments Using a Strand Displacing Polymerase Not-IZ R2
and Confirmation that Assembly was Efficient (SEQ ID NO: 9)
Using Strand Displacing Polymerases GCEGCCGlggetgegeaactgttgggaaggge
15 Not-IZ F3
Plasmid A, B, C, D and E were constructed separately (SEQ ID NO: 10)
from PCR products (fragments (Frags) 1, 2, 3, 4, 5 that GCGGCCECtgeageacateccactttegecag
together cover the region of Lacl- and LacZ gene) using Not-IZ R32
NEB® PCR Cloning Kit (New England Biolabs, Ipswich, (SEQ ID NO: 11)
hdass). 20 GCGGCCGCatgatgctegtgacggttaacgec
. In this experimer}t, the 5 differ.ent fragment.s integrated Not-1Z Fa
into separate plasmids were used in the following concen- (SEQ ID NO: 12)
trations—>50 ng of each PCR (source of “fragments) and 25 GCGGCCGCaggtgeggattgaaaatggtetge
g L s
ng of.p.MlmT vector (NEB # E1202) was the ampicillin Not -1z Ra
containing plasmid. The 5 fragments for assembly were first 25 (SEQ ID NO: 13)
amplified using PCR. Primers used in the preparation of GCGECCGCteaccgettgecageggettacca
Lacl-lacZ DNA fragments assembly system as follows:
Not-IZ F5
(SEQ ID NO: 14)
GCGGCCGCgaatacctgttececgtcatagegat
5PLacIZ-pACYC184VFL 30
(SEQ ID NO: 4) Not-IZ RS
ttggtctggtgtcaaaaatgaATCGTCACGGCGATTTATG (SEQ ID NO: 15)
GCGGCCGCtecatttttgacaccagaccaactgg
5PLacIZ-pACYC184VRL
(SEQ ID NO: 5) .
gggteat ttteggegaggac TGCATCAACGCATATAGCG The amplified fragment.s were c.loneq and sequenged to
35 confirm that no errors during amplification had been intro-
duced.
Sequence of PCR amplified fragment 1 (SEQ ID NO: 16):

GCGGCCGCygtectegecgaaaatgacccagagegcetgecggcacctgtectacgagttgcatgataaagaagacagtcataagtgceggcgacgatagtcatg
cceegegeccaccggaaggagetgactgggttgaaggetetcaagggecatcggtegagateececggtgectaatgagtgagetaacttacattaattgegttyg
cgctcactgecegetttecagtegggaaacctgtegtgecagetgeattaatgaateggecaacgegeggggagaggeggtttgegtattgggegecagggt
ggtttttettttcaccagtgagacgggecaacagetgattgeccttecacegectggecctgagagagttgcagecaageggtecacgetggtttgecccageayg
gcgaaaatcctgtttgatggtggttaacggegggatataaccaacgegcageccggacteggtaatateccactacegagatatecgecaccaacgegecagee
cggacteggtaatggegegecattgegeccagegecatetgategttggecaaccagecategecagtgggaacgatgeecteattecageatttgeatggtttgtt
gaaaaccggacatggcactccagtcegecttecegttecgetateggetgaatttgattgegagtgagatatttatgecagecagecagacgcagacgegeeyg
agacagaacttaatgggcccgctaacagegegatttgetggtgacccaatgegaccagatgetceccacgeccagtegegtacegtettcatgggagaaaataa
tactgttgatgggtgtctggtcagagacatcaagaaataacgecggaacattagtgcaggcagettecacagcaatggeatectggtcatecageggatagt
taatgatcagcccactgacgcgttgcegegagaagattgtgcaccgecgetttacaggettegacgecgettegttetaccategacaccaGCGGCCGC

Sequence of PCR amplified fragment 2 (SEQ ID NO: 17):
GCGGCCGCeccactgacgcgttgegegagaagattgtgcaccgecgetttacaggcttegacgecgettegttetaccatecgacaccaccacgetggcacce

agttgatcggegegagatttaategecgegacaatttgegacggegegtgcagggecagactggaggtggeaacgecaatcageaacgactgtttgecegee
agttgttgtgecacgeggttgggaatgtaattcagetecgecategecgettecactttttecegegttttegecagaaacgtggetggectggttecaccacy
cgggaaacggtctgataagagacaccggcatactetgegacategtataacgttactggtttcacattcaccacectgaattgactetettecgggegetat
catgeccataccgegaaaggttttgegecattegatggtgtecgggatetegacgeteteecttatgegactectgeattaggaageageccagtagtaggtt
gaggccgttgagcacegecgecgcaaggaatggtgeatgeaaggagatggegeccaacagtcecceggecacggggectgecaccatacccacgecgaaaca

agcgetcatgageccgaagtggegageccgatettecccateggtgatgteggegatataggegecageaacegeaccetgtggegecggtgatgeecggecac
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-continued
gatgcgteeggcegtagaggatcgagatcetegateccgegaaattaatacgactcactataggggaattgtgageggataacaattecectectagaaataatt
ttgtttaactttaagaaggagatatacatatgaccatgattacggattcactggeccgtegttttacaacgtegtgactgggaaaaccctggegttaceccaac
ttaatcgeccttgecagcacatcecceectttegecagcectggegtaatagecgaagaggeecegcaccgategeectteccaacagttgegeageeGCGGCCGC

Sequence of PCR fragment 3 (SEQ ID NO: 18):
GCGGCCGCtgcagcacatccecectttegecagetggegtaatagegaagaggeccgcaccgategeectteccaacagttgegecagectgaatggegaatgyg

cgetttgectyggtttecggcaccagaageggtgeeggaaagetggetggagtgegatettectgaggecgatactgtegtegtecectcaaactggecagatyg
cacggttacgatgcgeccatctacaccaacgtgacctatceecattacggtcaatecgeegtttgtteccacggagaatecgacgggttgttactegetcaca
ttaatgttgatgaaagctggctacaggaaggccagacgcgaattatttttgatggegttaacteggegttteatetgtggtgcaacgggegetgggteggtt
acggccaggacagtegtttgecgtetgaatttgacctgagegeatttttacgegecggagaaaaccgectegeggtgatggtgetgegetggagtgacggea
gttatctggaagatcaggatatgtggeggatgageggcattttecegtgacgtetegttgetgecataaacegactacacaaatcagegatttecatgttgeca
ctegetttaatgatgatttcagecgegetgtactggaggetgaagttecagatgtgeggegagttgegtgactacctacgggtaacagtttetttatggecagy
gtgaaacgcaggtcgecageggcacegegecttteggeggtgaaattategatgagegtggtggttatgecgategegtcacactacgtetgaacgtcgaaa
acccgaaactgtggagegecgaaatcccgaatcetetategtgeggtggttgaactgcacacegecgacggcacgetgattgaagecagaagectgegatgteg
gttteccgecgaggtgeggattgaaaatggtetgetgetgetgaacggcaagecgttgctgattegaggegttaacegtcacgagecatcatGCGGCCGC

Sequence of PCR fragment 4 (SEQ ID NO: 19):
GCGGCCGCaggtgecggattgaaaatggtetgectgetgectgaacggcaagecgttgetgattegaggegttaaccgtcacgagcatcatectetgecatggtea

ggtcatggatgagcagacgatggtgcaggatatectgetgatgaagcagaacaactttaacgecgtgegetgttegeattatecgaaccatecgetgtggta
cacgctgtgegaccgetacggectgtatgtggtggatgaagecaatattgaaacccacggecatggtgecaatgaategtetgacegatgatecgegetgget
accggegatgagcgaacgegtaacgcgaatggtgecagegegategtaatcaceegagtgtgatcatetggtegetggggaatgaatcaggecacggegetaa
tcacgacgcgetgtategetggatcaaatetgtegatecttecegeceggtgeagtatgaaggeggeggagecgacaccacggecaccgatattatttgece
gatgtacgcgcegegtggatgaagaccagecctteceggetgtgecgaaatggtccatcaaaaaatggetttegetacctggagagacgegecegetgatect
ttgcgaatacgcccacgecgatgggtaacagtettggeggtttegetaaatactggcaggegtttegtcagtateccegtttacagggeggettegtetggga
ctgggtggatcagtegetgattaaatatgatgaaaacggcaaccegtggteggettacggeggtgattttggegatacgecgaacgategecagttetgtat
gaacggtctggtcetttgccgaccgcacgecgcatecagegetgacggaagcaaaacaccagcagecagtttttecagtteegtttateegggcaaaccatega
agtgaccagcgaatacctgttcegtcatagcgataacgagetectgcactggatggtggegetggatggtaagecgetggcaageggtgaGCGGCCGC

Sequence of PCR fragment 5 (SEQ ID NO: 20):
GCGGCCGCgaatacctgttcegtcatagegataacgagetecectgecactggatggtggegetggatggtaagecgetggcaageggtgaagtgectetggatyg

tcgetecacaaggtaaacagttgattgaactgectgaactacegecagecggagagegecgggcaactetggetcacagtacgegtagtgecaacegaacgega
cecgcatggteagaagecgggeacat cagegectggeageagtggegtctggeggaaaacctecagtgtgacgeteccegecgegt cccacgecatecegeate
tgaccaccagcgaaatggatttttgeategagetgggtaataagegttggcaatttaacegecagtcaggetttetttecacagatgtggattggegataaaa
aacaactgctgacgecgetgegegatecagttecaceegtgeacegetggataacgacattggegtaagtgaagegacceegeattgacectaacgectgggteyg
aacgctggaaggeggegggecattaccaggecgaagecagegttgttgcagtgecacggecagatacacttgetgatgeggtgetgattacgacegetcacgegt
ggcagcatcaggggaaaaccttatttatcagecggaaaacctaceggattgatggtagtggtcaaatggegattacegttgatgttgaagtggegagegata
caccgcatceggegeggattggectgaactgecagetggegeaggtagecagagegggtaaactggeteggattagggecgecaagaaaactateecgacegec
ttactgcegectgttttgacegetgggatetgecattgtecagacatgtataceccegtacgtetteccgagegaaaacggtetgegetgegggacgegegaat
tgaattatggcccacaccagtggegeggegacttecagttcaacatcagecgetacagtcaacagcaactgatggaaaccagecategecatetgetgeacy
cggaagaaggcacatggctgaatatcegacggtttecatatggggattggtggegacgactectggagecegtcagtateggeggaattecagetgagegeeyg

gtcgctaccattaccagttggtctggtgtcaaaaatgaGCGGCCGC
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The 5 fragments each had an overlapping region of 80 bp
with an adjacent fragment in order of the final assembly by
design (between fragment 1 and 2, 2 and 3, 3 and 4, 4 and
5). Fragment 1 and 5 also shared 20 bp overlap with the ends
of vector. Any available vector may be used such as for
example pACYCI184 (New England Biolabs, Ipswich,
Mass.). pACYC184 vector was prepared by the method of
inverse PCR, which permitted assembly of fragments 1-5 in
the presence of the assembly mix described above after
treatment with Notl-HF® (New England Biolabs, Ipswich,
Mass.) and heat-inactivation (see FIG. 2A-2C).

During assembly, the nucleotides extending from the
shaded region were degraded by TS5 exonuclease while
nucleotides in grey were removed by the polymerase. After
the fragments are assembled and transformed into E. coli,
productive assembly determined by blue/white selection
were recorded on a plate with IPTG and X-Gal.

T5 exonuclease, Taq ligase, a strand displacing DNA
polymerase, and a ss binding domain (ET SSB) were com-
bined in a reaction mixture in a buffer to form Mix 1. These
enzymes were all obtained from New England Biolabs,
Ipswich, Mass. Five of 150 ng of NotI-HF-digested plasmids
(plasmid A, B, C, D and E) were mixed with 105 ng of
vector and either with Mix 1 or GAMM in a total volume of
20 pl. The reactions were incubated at 50° C. for 60 minutes.
2 ul of the assembled products were used to transform into
NEB 5-alpha (New England Biolabs, Ipswich, Mass.) com-
petent cells. Cells were then spread on plates containing
chloramphenicol. Positive assembly can be identified as a
blue colony on a plate with chloramphenicol+IPTG+X-Gal
and incubated at 37° C. overnight.

PCR of assembly product to confirm all fragments are
joined and ligated prior transformation involved the follow-
ing steps: 1 ul of assembled products were used in a PCR to
ensured 5 fragments and vector are ligated together. Pairs of
PCR primers that anneal on the vector were used to amplify
the whole assembled LaclZ gene (5.3 kb). Lane 1 and 2 are
duplicate PCR results. Lane M is 2-log DNA ladder from
New England Biolabs, Ipswich, Mass. (see FIG. 4).

Sequencing results were obtained from 8 colonies that
were picked and the plasmid DNA purified for the purpose
of Sanger sequencing. 6 primers were used to sequence the
4.8 kb. The junction sequence between fragments as well as
extension regions from the overlap region showed less than
2% sequence errors.

Primers used for sequencing the assembled DNA:

(SEQ ID NO:
aaaaccaccctggegeccaatacg

21)
Seq Not-IZ-MO

(SEQ ID NO: 22)
Seq Not-IZ-M1 ccecggactceggtaatggegegeat
(SEQ ID NO: 23)

Seq Not-IzZ-M2 ggaagcagcccagtagtaggttga

(SEQ ID NO:
ggtgctgcgectggagtgacggcayg

24)
Seq Not-IzZ-M3

(SEQ ID NO:
cggecaccgatattatttgeccga

25)
Seq Not-Iz-M4

(SEQ ID NO:
gattagggccgcaagaaaactatce

26)
Seq Not-IZ-M5
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Example 3

Assembly of Single Strand Oligonucleotides into a
Linearized Vector or Two Distinct Ds DNAs

An oligonucleotide corresponding to sgRNA for targeting
a gene from H. sapiens was designed as follows:

1. A PAM sequence was scanned for the desired target
sequence. For example NGG in

5'GCGAAGAACCTCTTCCCAAGANGG3! (SEQ ID NO: 27)

2. A 71-base, ss DNA oligonucleotide, containing a 21
nucleotide target sequence flanked by a partial U6 pro-
moter sequence and scaffold RNA sequence was
designed.

See for example FIG. 8A-C in which the ss oligonucle-
otide is defined as

(SEQ ID NO: 28)
5'ATCTTGTGGAAAGGACGAAACACCGGCGAAGAACCTCTTCCCAAGAGT

TTTAGAGCTAGAAATAGCAAGTT3
or FIG. 9A-C where the ss oligonucleotide is designed to

create a random library:

(SEQ ID NO:
5'ATCTTGTGGAAAGGACGAAACACCGN,  GTTTTAGAGCTAGAAATAGC

29

AAGTT3!

3. The ss DNA oligonucleotide was prepared in 1xNEBuffer
2 (New England Biolabs, Ipswich, Mass.) to a final
concentration of 0.2 pM.

4. A 10 pl reaction mix containing 5 pl of ss DNA oligo-
nucleotide (0.2 uM), 30 ng of restriction enzyme-linear-
ized vector and ddH,O was formed.

5. A suitable vector for use in the above method is a ds vector
from Life Technology (GeneArt®

CRISPR Nuclease Vector with OFP Reporter Kit Catalog
number: A21174). Other vectors are provided by
Addgene plasmid #42230, pX330-U6-Chimeric_BB-
CBh-hSpCas9. Alternatively, any plasmid containing
an sgRNA scaffold under the control of a U6 promoter
can be used.

6. 10 pl of a master mix containing an ss binding protein, a
ligase, an exonuclease and a polymerase was added to the
reaction mix, and the assembly reaction was incubated for
1 hour at 50° C.

7. NEB 10-beta Competent E. coli were transformed with 2
ul of the assembled product and the manufacturer’s pro-
tocol followed (New England Biolabs).

8. 100 pl of transformed cells were spread on a plate with
ampicillin antibiotic, and incubate overnight at 37° C.

9. 10 colonies were picked to grow, and the plasmid DNA
was purified for sequencing.

Unlike traditional cloning methods, in which two oligo-
nucleotides must be synthesized and re-annealed, this
example offers a simple way to design an oligonucleotide
and assemble it with the desired vector and represents a
substantial improvement over traditional methods, specifi-
cally in time savings, ease-of-use and cost.
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SEQ ID NO: 1
MILDADYITEDGKPIIRLFKKENGRFKVEYDRNFRPYIYALLKDDSAIDDVRKITSERHGKVVRVIDVEKVKKKFLGRPIEVWKLYFEH

PQDVPAMRDKIREHPAVIDIFEYDIPFAKRYLIDKGLIPMEGNEELTFLAVDIETLYHEGEEFGKGPIIMISYADEEGAKVITWKKIDL
PYVEVVANEREMIKRLIKVIREKDPDVIITYNGDNFDFPYLLKRAEKLGMKLPLGRDNSEPKMORLGDSLAVEIKGRIHFDLFPVIRR
TINLPTYTLEAVYEAIFGKQKEKVYPHEIAEAWETGKGLERVAKYSMEDAKVTYELGKEFFPMEAQLARLVGQPLWDVSRSSTGN
LVEWYLLRKAYERNELAPNKPDEREYERRLRESYEGGYVKEPERGLWEGIVSLDFRSLYPSIIITHNVSPDTLNKEGCGEYDEAPEVG
HRFCKDFPGFIPSLLGSLLEERQKIKKRMKESKDPVERKLLDYRQRAIKILANSFYGYYGYAKARWYCKECAESVTAWGRQYIELVR
RELEERGFKVLYIDTDGLYATIPGEKNWEEIKRRALEFVNYINSKLPGILELEYEGFYTRGFFVTKKKYALIDEEGKIVTRGLEIVRRDW
SEIAKETQAKVLEAILKHGNVEEAVKIVKEVTEKLSNYEIPVEKLVIYEQI TRPLNEYKAIGPHVAVAKRLAAKGIKIKPGMVIGYVVLR
GDGPISKRAIAIEEFDGKKHKYDAEYYIENQVLPAVERILKAFGYKREDLRWQKTKQVGLGAWLKVKKS

SEQ ID NO: 2
IINPQARLTPLELEILEIIKQKKSITITEIKEILSERRKSEYPLSLVSEYISRLERKGYVKKIAKGRKKFVEALI

SEQ ID NO: 3
MILDADYITEDGKPIIRLFKKENGRFKVEYDRNFRPYIYALLKDDSAIDDVRKITSERHGKVVRVIDVEKVKKKFLGRPIEVWKLYFEH

PQDVPAMRDKIREHPAVIDIFEYDIPFAKRYLIDKGLIPMEGNEELTFLAVDIETLYHEGEEFGKGPIIMISYADEEGAKVITWKKIDL
PYVEVVANEREMIKRLIKVIREKDPDVIITYNGDNFDFPYLLKRAEKLGMKLPLGRDNSEPKMORLGDSLAVEIKGRIHFDLFPVIRR
TINLPTYTLEAVYEAIFGKQKEKVYPHEIAEAWETGKGLERVAKYSMEDAKVTYELGKEFFPMEAQLARLVGQPLWDVSRSSTGN
LVEWYLLRKAYERNELAPNKPDEREYERRLRESYEGGYVKEPERGLWEGIVSLDFRSLYPSIIITHNVSPDTLNKEGCGEYDEAPEVG
HRFCKDFPGFIPSLLGSLLEERQKIKKRMKESKDPVERKLLDYRQRAIKILANSFYGYYGYAKARWYCKECAESVTAWGRQYIELVR
RELEERGFKVLYIDTDGLYATIPGEKNWEEIKRRALEFVNYINSKLPGILELEYEGFYTRGFFVTKKKYALIDEEGKIVTRGLEIVRRDW
SEIAKETQAKVLEAILKHGNVEEAVKIVKEVTEKLSNYEIPVEKLVIYEQI TRPLNEYKAIGPHVAVAKRLAAKGIKIKPGMVIGYVVLR
GDGPISKRAIAIEEFDGKKHKYDAEYYIENQVLPAVERILKAFGYKREDLRWQKTKQVGLGAWLKVKKSGTGGGGIINPQARLTPL
ELEILEIIKQKKSITITEIKEILSERRKSEYPLSLVSEYISRLERKGYVKKIAKGRKKFVEALI

SEQ ID NO: 33
MKEKAPKIDALIDCTYKTEDNRAVIYLYLLENILKDREFSPYFYVEMLKDRIEKEDIDKIKEFLLKEDLLKFVENLEVVNKTILKKEKEIVK

IIATHPQRVPKLRKIKECDIVKEIYEHDIPFAKRYLIDSDIVPMTYWDFENRKQVSIEIPKLKTVSFDMEVYNRDTEPDPEKDPILMAS
FWDDNGGKVITYKHFDHSNIEVVNSEKDLIKKIVEMLRQYDVIFTYNGDNFDFPYLKARAKIYGIDIKLGRDGEELKIKRGGMEFRS
YIPGRVHIDLYPISRRLLKLTKYTLEDVVYNLFGIEKLKIPHTKIVDYWANNDKILIEYSLODAKY THKIGKYFFPLEVMFSRIVNQTPFE
ITRMSSGOMVEYLLMKNAFKENMIVPNKPDEKEYRKRLLTSYEGGYVKEPEKGMFEDI ISMDFRCHPRGTKVIVKNNGLTDIENV
KVGDYVLGIDGWQKVKRVWKYPYNGFLVNVNGLKSTPNHKIPVIKKENGKDRVIDVSSIYLLNLKGCKILKIKNFESIGMFGKIFKK
DTKIKKVKGLLEKIAYIDPREGLVIKVKNEKEDIFKTVIPILKELNILYKQVDEKTIIIDSIDGLLKYIVTIGFNDKNEEKIKEIIKEKSFLEFKE
LEDIKISIEEYEGYVYDLTLEGRPYYFANGILTHNSLYPSIIIAYNISPETLDCECCKDISEKILGHWFCKKREGLIPKTLRGLIERRINIKNK
MKKMESEKEINEEYNLLDYEQRSLKILANSVYGYLAFPRARFYSRECAEVITYLGRKYILETIEEAEKFGFKVIYADSVVKDAKVIIKED
GKIKEIKIEDLFKKVDYTIGDKEYCILNNVETLTIEDTKLVWRKVPYIMRHRTNKKIYRVKVKDRYVDITEDHSIIGVKNNKLVELKPTEI
KDDETKLIILNKDLKSYNFASVEEINCIKYSDYVYDIEVENTHRFFANGILVHNTDGFYAVWKEKISKDDLIKKALEFVKYINSKLPGT
MELEFEGYFKRGIFITKKRYALIDENGRVIVKGLEFVRRDWSNLARI TQRRVLEALLLEGDINKAKKATQDVIKDLREKKIKKEDLIIYT
QLTKNPNEYKTTAPHVEIAKKMMREGKKIKIGDVIGYIIVKGSKSISERAKLPEEVSIEEIDVNYYIDNQILPPVLRIMEAVGVSKNELK
KEGTQLTLDRFLK

SEQ ID NO: 34
MERVEGWLIDADYETIGGKAVVRLWCKDDQGIFVAYDYNFDPYFYVIGVDEDI LKNAATSTRREVIKLKSFEKAQLKTLGREVEGY

IVYAHHPQHVPKLRDYLSQFGDVREADIPFAYRYLIDKDLACMDGIAIEGEKQGGVIRSYKIEKVERIPRME
FPELKMLVFDCEMLSSFGMPEPEKDPIIVISVKTNDDDEI ILTGDERKIISDFVKLIKSYDPDI IVGYNQDAFDWPYLRKRAERWNIPL

DVGRDGSNVVFRGGRPKITGRLNVDLYDIAMRISDIKIKKLENVAEFLGTKIEIADIEAKDIYRYWSRGEKEKVLNYARQDAINTYLI
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AKELLPMHYELSKMIRLPVDDVTRMGRGKQVDWLLLSEAKKIGEI APNPPEHAESY EGAFVLEPERGLHENVACLDFASMYPSIM

IAFNISPDTYGCRDDCYEAPEVGHKFRKSPDGFFKRILRMLIEKRRELKVELKNLSPESSEYKLLDIKQQTLKVLTNSFYGYMGWNLA
RWYCHPCAEATTAWGRHFIRTSAKIAESMGFKVLYGDTDS IFVTKAGMTKEDVDRLIDKLHEELPIQIEVDEYYSAIFFVEKKRYAG
LTEDGRLVVKGLEVRRGDWCELAKKVQREVIEVILKEKNPEKALSLVKDVILRIKEGKVSLEEVVIYKGLTKKPSKYESMOAHVKAAL
KAREMGIIYPVSSKIGYVIVKGSGNIGDRAYPIDLIEDFDGENLRIKTKSGIEIKKLDKDYYIDNQIIPSVLRILERFGYTEASLKGSSQM

SLDSFFS

SEQ ID NO:

MIKAWLLDVDYVTENDRAVIRLWCKDDKGVFVAYDRNFLPYFYVIGCKAEDVMKVKVRTNEGIITPLKVEEIEAKSLGKPIKALKV
YTRHPQHVPKLREEIKKFAEVREADIPFAYRYLIDKDLACMDGIEIEPIAVKEGVLRAYEVRSVRRVEKKGFPDLKILAFDCEMLAQF
MPDPEKDPIIAIAVKCGDFEEVLHGDERDILRRFVSIIKEQDPDIIVGYNQDNFDWPYVKKRAEKFGIRLDIGRDRSEI SFRGGRPKI
AGRLNVDLYDIALKIPDVKIKTLKKVAEFLGAKVEEEDIEGRDIYKCWMRGEKEKVFKHVLNDVLTTYRLALELLPMHYELSRMIRLP
LDDVARLGRGKQVDYFLLSEAKKINEIAPNPPEIEESYEGAFVLEPARGLHENVACLDFASMYPSIMINFNISPDTLVKGECEDCYV
APEVGHKFRKSPDGFFKRILKMLIEKRREMKROQMKELDPDSEDYKLLDIKQQTLKVLTNSFYGY TGWNLARWYCRECAEATTAW
GRYFIKRAVKIAESMGFEVLYGDTDSLFIKKNKLNLKDLEKECLKLIDVISKELPIQLEIDEFYKAIFFVEKKRYAGLTDDDRIVVKGLEV
RRGDWCELAKRVQREVIEIILRERNPDKALKFVKNVIEEIKEGKFKLEDYVIYKGLTKKPDKYESKQAHVKAALRAMEMGIYYPIGTK

VGFVIVKGGGSISDRAYPIELIEEFDGENLKIRTPSGIMVKKIDKDYYIDHQI IPAVMRILERFGYTEASLKTTIQKTLFDFT

SEQ ID NO:

MKLVIFDGNSILYRAFFALPELTTSSNIPTNAIYGFINVILKYLEQEKPDYIAVAFDKRGREARKSEYQEYKANRKPMPDNLQVQIPY

VREILYALNIPIVEFEGYEADDVIGSLVNKFKNTGLDIVIITGDRDTLQLLDKNVVVKIVSTKFDRTMEDLYTIENIKEKYGVWANQVP

DYKALVGDQSDNIPGVKGIGEKSAQKLLEEYSSLEEIYONLDKIKGS IREKLEAGKDMAFLSKRLATIVCDLPLNVNLEDLR TKEWNK

ERLYEILVQLEFKSIIKRLGLSENIQFEFVQORTDIPDVEQRELESISRIRSKEIPLMFVQDEKCFYLYDQESNTVFVTRDRHLVEEILKS

DTVKIVYDLKNIFHQLNLEDTDNIKNCEDVMIASYVLDSTRSSYELETLFVSYLNTDIEAVKKDKKMVSVVLLKRLWDDLLRLIDLNS

CQFLYENIERPLIPVLYEMEKTGFKVDRDALLQYTKEIENKILKLETQIYQIAGEWFNINSPKQLSYILFEKLKLPVIKKTKTGYSTDAEV

LEEFDKHEIVPLILDYRMYTKILTTYCQGLLQAINPSSGRVHTTFIQTGTATGRLASSDPNLOQNIPVKYDEGKLIRKVFVPEEGHVLID

ADYSQIELRILAHISEDERLINAFKNNIDIHSQTAAEVFGVDIADVTPEMRSQAKAVNFGIVYGISDYGLARDIKISRKEAAEFINKYFE

RYPKVKEYLDNIVRFARENGYVLTLFNRKRYVKDIKSANRNARSYAERIAMNSPIQGSAADIMKLAMIKVYQKLKENNLKSKIILQV

HDELLIEAPYEEKDIVKRIVKREMENAVALKVPLVVEVKEGLNWYETK

SEQ ID NO:

MEKRVYLVDITYGLVGNSPEIRMFGVDENGEKVVILDRGFRPYFYVIPEEGFEDQVARVIGKMQONVIKADVTERRLFGKPIKVVKV

TVTVPDKVRELRDRVKSIQHVKEVLEADIRFYIRYMIDND IRPGWLMFSNLKPVDNKIGGVSNVYLTETPPTSLDLGIMPRLNYMA

LDIEVYNPRGTPDPKRDPIIITALANSNGDVKLLTLDNYKHEREMLNDMMSVIKEWDPDVLFGYNSNKFDMPYLVNRADALNVKL

QLSKYGTPPEQSVYGHWSIIGRAHIDLYNFIEDMTDVKRKSLDYVAEYFGVMKRSERVNIPGHRIYQYWDDEGKRSQLIKYARDD

VLSTLGLGKILLPYAMQLASVSGLPLDQVGPASVGSRVEMMIMHEAY KMGELAPNRVERPYETYKGAIVLEPKPGIHYNIAVLDFS

SMYPNIMLKYNISPDTLVLDSSEGDYYTAPEVGYRFRKSPRGLYASLLQKLIEARREARDEMRNYPEGSFEWVLLNERQRALKIMA

NAMYGYCGWLGARWYIREVAESVTAWGRYLLKTAMSMAKERGLTVIYGDTDSLEFVTYDKDKVADIISRINEMGFEVKIDKVYSK

LIFTESKKRYIGLTADGEVDIVGFEAVRGDWSELARNVQERVAELVLRESVDEAVKYVKSVIDDLRNYRFTIDDVIIWKTLDKDINEY

KAIQPHVVAARRLMEKGYVVNKGDTVGFVIVKDSGDKLTQRAYPYVFINDVKEIDVDYYVEKQVIPAALRILEVFGVNEAALLGKT

GKSILDYFH

SEQ ID NO:

MTEVVFTVLDSSYEVVGKEPQVIIWGIAENGERVVLIDRSFRPYFYALLAPGADPKQVAQRIRALSRPKSPIIGVEDDKRKYFGRPR

RVLRIRTVLPEAVREYRELVKNVDGVEDVLEADIRFAMRYLIDHDLFPFTWYRVEAEPLENKMGFRVDKVYLVKSRPEPLYGEALA

PTKLPDLRILAFDIEVYSKQGSPRPERDPVIVIAVKTDDGDEVLFIAEGKDDRKPIREFVEYVKRYDPDIIVGYNNNHFDWPYLLRRA

RILGIKLDVTRRVGAEPTTSVHGHVSVPGRLNVDLYDYAEEMPEIKIKSLEEVAEYLGVMKKSERVIINWWEI PDYWDDPKKRPLLL
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QYARDDVRATYGLAEKI LPFAIQLSYVTGLPLDQVGAMSVGFRLEWYLIRAAFKMKELVPNRVERPEETYRGATVLEPLRGVHENT
AVLDFSSMYPNIMIKYNVGPDTLVRPGEECGECGCWEAPEVKHRFRRCPPGFFKTVLERLLELRKRVRAEMKKYPPDSPEYRLLDE
RQKALKVLANAS YGYMGWSGARWYCRECAEAVTAWGRHLIRTAINIARKLGLKVIYGDTDSLFVTYDPEKVEKFIKI IEEELGFEIK
LEKVYKRVFF TEAKKRYAGLLEDGRIDIVGFEAVRGDWCELAKEVQTKVVEIVLKT SDVNKAVEYVRKIVKELEEGKVP IEKLVIWKT
LSKRLEEYTTEAPHVVAAKRMLSAGYRVSPGDKIGYVIVKGGGRI SQRAWPYFMVKDPSQIDVTYYVDHQI IPAALRILGYFGITEK

KLKASATGQKTLFDFLAKKSK

SEQ ID NO:

MEIRVWPLDVTYIVVGGVPEVRVFGIAEGGERVVLADRSFRPYFYVDCAGCDPHAVKTHLGRTAPVEGVELVERRFLGRPRQFLK

VVAKIPEDVRRLREAASTIPGVRGVYEADIRFYMRYVIDMGVVPCSWNVAEVEVADEKLGSLPVYRVVKWGGAVEGFPPPLRVL

AFDIEVYNERGTPDPARDPIVMIAVQSSDGRLEVFEASGRDDRGVLRSFVEYVRSFDPDVVVGYNSNNFDWPYLAERAKAVGVP

LRVDRLGGAPQQSVYGHWSVLGRANVDLYNIVDEFPEIKLKTLDRVAEYFGVMRRDERVLIPGHKIYEYWRDPSKRPLLRQYVID

DVRSTYGLAERLLPFLIQLSSVSGLPLDQVAAASVGNRVEWMLLRYAYGLGEVAPNREEREYEPYKGAIVLEPKPGLYSDVLVLDFS

SMYPNVMMRYNLSPDTYLEPGEPDPPEGVYVAPEVGHRFRKEPPGFIPQVLRRLVALRRAVREEMKKYQPDTPEYRVLDERQKA

LKIMANAMYGYTGWVGARWYKKEVAESVTAFARAILKDVIDYARRLGIVVIYGDTDSLFVKKGGDLEKLARYVDEKYGIEIKVDKD

YEKVLFTEAKKRYAGLLRDGRIDIVGFEVVRGDWSELAKEVQLKVIELILKARDLSEARQRVIKYVKDVIERLKSGKFDLDDLI IWKTL

DKDLGEYKAYPPHVRAALILKKKGYKVGRGTTIGYVVVKGGEKVSERSLPYILVDDLAKIDVDYYIEKQVIPAALRIAEVIGVKEGDLR

AGRSEKSLLDFFE

SEQ ID NO:

MSEKINLEFYFLDNSYEVIGNEPHI IIWGITRDGRRVLLRDRRFRPYFYAILKDKVNIEDLARKIRTYSDPKSPIIGVEPVEKKYFGRKVS

ALKIITMIPEYVRKYREKIKSLPEVLEVVEADIRFSIRYIIDHDLRPCGWHVAEVVEVPKKPIYRVDAEYEIIGDIKPLEQTLQPDLRIIAF

DIEVYNKSGTPRPQTDPIIIIGIMNNNGDIKQFLANKYDDKISVEEFVNYVKTFDPDIIVGYNTDGFDWPYLIERSKYIGVKLDVTRR

VGATPRTSTYGHISVPGRLNTDLYHFAEEIPEVKVKSLENVAEYLGVMKKSERVIIEYIDIPKYWDDEKLRPKLLQYNIDDVKSTYGL

AEKFLPFAMQLSNITGLPLDQVGAASVGFRLEWYLMREAFRYGELVPNRVERAAESYRGAVVLKPVKGVHENIAVLDEFSSMYPNI

MIKYNVGPDTIVRNEKCNPDKHNIAPEVGHCFRKEPPGFFKRVLETLLRLRKQIKSEMKKYPPTSYEYRLLDERQKAVKVLANATY

GYMGWIHARWYCRECAEAVTAWGRQTIKSAIELARKLGLKVIYGDTDSLFVTYDKDKVEKLIELIQTKLGFEIKIDKIYKRVFFTEAK

KRYAGLLEDGRIDIVGFEAVRGDWAEIAKEVQEKVTEILLKENSIDKAIEYVRQVIADLKAGKIPLDKLIIWKTLSKRIEEYSVDAPHV

VAAKKLIKAGIKVSTNDKIGYVILKGGGKISSRAEPYIFVKDPKLIDTEYYVDHQIVPAALRILNYFGVTETQLKRAAASAGQKSLEFDFF

GGKK

SEQ ID NO:

MILDADYITENGKPVVRIFKKENGEFKVEYDRSFRPYIYALLRDDSAIEDIKKITAERHGKVVRVVEAEKVRKKFLGRPIEVWKLYFEH
PQDVPAIREKIREHPAVIDIFEYDIPFAKRYLIDKGLIPMEGNEELKLLAFDIETLYHEGDEFGSGPIIMISYADEKGAKVITWKGVDLP
YVEVVSSEREMIKRFLRVIREKDPDVIITYNGDNFDFPYLLKRAEKLGMKLPIGRDGSEPKMQRMGDGFAVEVKGRIHFDIYPVIRR
TINLPTYTLEAVYEAVFGRPKEKVYPNEIARAWENCKGLERVAKYSMEDAKVTYELGREFFPMEAQLARLVGQPVWDVSRSSTG
NLVEWFLLRKAYERNELAPNRPDEREYERRLRESYEGGYVKEPEKGLWEGIIYLDFRSLYPSIIITHNISPDTLNKEGCNSYDVAPKV
GHRFCKDFPGFIPSLLGQLLDERQKIKRKMKATIDPIERKLLDYRQRAIKILANSYYGYYGYAKARWYCKECAESVTAWGREYIELVS
RELEKRGFKVLYIDTDGLYATIPGSREWDKIKERALEFVKYINARLPGLLELEYEGFYKRGFFVTKKKYALIDEEGKIITRGLEIVRRDW
SEIAKETQARVLEAILKEGNLEKAVKIVKEVTEKLSKYEVPPEKLVIYEQI TRDLKDYKAVGPHVAVAKRLAARGIKVRPGMVIGYLVL

RGDGPISRRAIPAEEFDPSRHKYDAEYYIENQVLPAVLRILEAFGYRKEDLRYQKTRQAGLDAWLKRKASL

SEQ ID NO:

MILDTDYITENGKPVIRVFKKENGEFKIEYDRTFEPYFYALLKDDSAIEDVKKVTAKRHGTVVRVKRAEKVORKFLGRPIEVWKLYFT
HPQDVPAIRDKIRAHPAVIDIYEYDIPFAKRYLIDKGLIPMEGDEELTMLAFDIETLYHEGEEFGTGPILMISYADGSEARVITWKKID

LPYVDVVSTEKEMIKRFLRIVKEKDPDVLITYNGDNFDFAYLKKRCEKLGIKFTLGRDGSEPKIQRMGDRFAVEVKGRIHFDLYPVIR
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RTINLPTYTLEAVYEAVFGKPKEKV YAEEI AQAWES GEGLERVARYSMEDAKV TYELGREFFPMEAQLSRLIGQSLWDVSRSSTGN

LVEWFLLRKAYERNELAPNKPDEKELARRRGGYAGGYVKEPERGLWDNIVYLDFRSLYPSIIITHNVSPDTLNREGCKEYDVAPEV
GHKFCKDFPGFIPSLLGDLLEERQKIKRKMKATVDPLEKKLLDYRQRATKILANSYYGYYGYAKARWYCRECAESVTAWGREYIETTI
REIEEKFGFKVLYADTDGFFATIPGADAETVKKKAKEFLKYINAKLPGLLELEYEGFYVRGFFVTKKKYAVIDEEGKITTRGLEIVRRD
WSEIAKETQARVLEAILKHGDVEEAVRIVKEVTEKLSKYEVPPEKLVIHEQITRDLRDYKATGPHVAVAKRLAARGVKIRPGTVISYIV

LKGSGRIGDRAIPFDEFDPTKHRYDAEYYIENQVLPAVERILKAFGYRKEDLRYQKTKQVGLGAWLKVKK

SEQ ID NO:

MILDTDYITEDGKPVIRIFKKENGEFKIEYDREFEPYIYALLKDDSAIEEVKKITAGRHGRVVKVKRAEKVKKKFLGRPIEVWKLYFTHP
QDVPAIRDEIRRHSAVVDIYEYDIPFAKRYLIDKGLIPMEGDEELKMMSFDIETLYHEGEEFGTGPILMISYADEGEARVITWKKIDL
PYVEVVSTEKEMIKRFLKVVKEKDPDVLITYNGDNFDFAYLKKRCEKIGIKFTLRRDGSEPKIQRMGDRFAVEVKGRIHFDLYPVIRR
TINLPTYTLEAVYEAVFGTPKEKVYPEEITTAWETGEGLERVARYSMEDAKVTYELGREFFPMEAQLSRLIGQSLWDVSRSSTGNL
VEWFLLRKAYERNEIAPNKPDERELARRRGGYAGGYVKEPERGLWDNIVYLDFMSLYPSIIITHNVSPDTFNREGCKEYDTAPQVG
HKFCKDVQGFIPSLLGALLDERQKIKKRMKASIDPLEKKLLDYRQKAIKILANSYYGYYGYARARWYCKECAESVTAWGRDYIETTI
HEIEERFGFKVLYADTDGFFATIPGADAETVKKKAKEFLKYINAKLPGLLELEYEGFYVRGFFVTKKKYAVIDEEGKITTRGLEIVRRD
WSEIAKETQARVLEAILRHGDVEEAVRIVKDVTEKLSKYEVPPEKLVIHEQITRELKDYKATGPHVAIAKRLAARGIKIRPGTVISYIVL

KGSGRIGDRAIPFDEFDPTKHRYDAEYYIENQVLPAVERI LKAFGYKKEELRYQKTRQVGLGAWLKLKGKK

SEQ ID NO:

MILDADYITEDGKPVVRIFKKENGEFKIEYDREFEPYIYALLRDDSAIEEIKKITADRHGKVVKVKRAEKVQKKFLGRPIEVWKLYFTH
PQDVPAIRDEIRKHPAVVDIYEYDIPFAKRYLIDKGLIPMEGDEELKMLAFDIETLYHEGEEFGTGPILMISYADEDGARVITWKKIDL
PYVDVVSTEKEMIKRFLKVVKEKDPDVLITYNGDNFDFAYLKKRCEKLGIKFTLGRDGSEPKIQRMGDRFAVEVKGRIHFDLYPLIR
RTINLPTYTLEAVYEAVFGKPKEKVYAEEIALAWESGEGLERVARYSMEDAKVTFELGREFFPMEAQLSRLIGQSLWDVSRSSTGN
LVEWFLLRKAYERNELAPNKPNERELARRRGGYAGGYVKEPERGLWDNIVYLDFRSLYPSIIITHNVSPDTLNREGCKEYDRAPQV
GHKFCKDVPGFIPSLLGSLLDERQKIKRKMKATIDPIEKKLLDYRQRATKILANSYYGYYGYARARWYCRECAESVTAWGREYIEMATL
RELEEKFGFKVLYADTDGLHATIPGADAETVKKKAMEFLKYINPKLPGLLELEYEGFYARGFFVTKKKYAVIDEEGKITTRGLEIVRRD
WSEIAKETQARVLEAILRHGDVEEAVRIVKEVTEKLSKYEVPPEKLVIHEQITRELKDYRATGPHVAIAKRLAKRGIKIRPGTVISYIVL

KGSGRIGDRAIPFDEFDPTKHKYDAEYYIENQVLPAVERVLKAFGYRKDDLRYQKTRQVGLGAWLKVKKR

SEQ ID NO:

MILDADYITEDGKPVIRVFKKEKGEFKINYDRDFEPYIYALLKDDSAIEDIKKITAERHGTTVRVTRAERVKKKFLGRPVEVWKLYFTH

PQDVPAIRDKIREHPAVVDIYEYDIPFAKRYLIDKGLIPMEGNEELRMLAFDIETLYHEGEEFGEGPILMISYADEEGARVITWKNID

LPYVESVSTEKEMIKRFLKVIQEKDPDVLITYNGDNFDFAYLKKRSETLGVKFILGRDGSEPKIQRMGDRFAVEVKGRIHFDLYPVIR

RTINLPTYTLETVYEAIFGQPKEKVYAEEIAQAWESGEGLERVARYSMEDAKATYELGKEFFPMEAQLSRLVGQSLWDVSRSSTGN

LVEWFLLRKAYERNELAPNKPDERELARRAESYAGGYVKEPEKGLWENIVYLDYKSLYPSIIITHNVSPDTLNREGCREYDVAPQVG

HRFCKDFPGFIPSLLGDLLEERQKVKKKMKATVDPIERKLLDYRQRAIKILANSYYGYYGYANARWYCRECAESVTAWGRQYIETT

MREIEEKFGFKVLYADTDGFFATIPGADAETVKKKTKEFLNYINPRLPGLLELEYEGFYRRGFFVTKKKYAVIDEEDKI TTRGLEIVRR

DWSEIAKETQARVLEAILKHGDVEEAVRIVKEVTEKLSRYEVPPEKLVIYEQI TRNLRDYRATGPHVAVAKRLAARGIKIRPGTVISYI

VLKGPGRVGDRAIPFDEFDPAKHRYDAEYYIENQVLPAVERILRAFGYRKEDLRYQKTKQAGLGAWLKPKT

SEQ ID NO:

MILGADYITKDGKPIVRIFKKENGEFKIELDPHFQPYIYALLSEDSAIDEIKQIKGERHGKTVRIVDAVKVEKKFLKKPVKVWKLILEHP

QDVPAIRNKIREHPAVQDIYEYDIPFAKRYLIDNGLIPMEGDEELKMLAFDIETFYHEGDEFGKGEIIMISYADEEGARVITWKNIDL

PYVDVVSNEREMIKRFIQIIKEKDPDVIITYNGDNFDLPYLIKRAEKLGLRLILSRDNENPVPKIQRMGNSFAVEIKGRIHFDLFPVVK

RAVNLPTYTLEAVYETVLGKHKSKLGAEEIAATWETEEGLKKLAQYSMEDAKATYELGREFFPMEVELAKLIGQSVWDVSRSSTGN

LVEWYMLRVAYERNELAPNRPSDEEYKRRLRTTYLGGYVKEPERGLWENIIYLDFRSLYPSIIVTHNVSPDTLERKGCQONYDVAPIV

GYKFCKDFSGFIPSILEDLIETRQKIKKEMKS TIDPIKKKMLDYRQRAVKLLANSYYGYMGYPKARWYSKECAESVTAWGRHYIEMT
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IREIEEKFGFKVLYADTDGFYATIPGADPETIKKKAKEFLNY INSKLPGLLELEYEGFYLRGFFVTKKRYAVIDEEEKI TTRGLEVVRRD
WSEIAKETQARVLEAILREGSVEKAVEIVKEVVEAI TKYKVPLEKLI THEQI TRELRDYKAVGPHVAIAKRLAAKGI KIKPGTI ISYIVLRG

SGKISDRVVLLTEYDPRKHKYDPDYYIENQVLPAVLRILEAFGYRKEDLKYQSSKQTGLESWLKK

SEQ ID NO:

MILDADYITEDGKPIIRIFKKENGEFKVEYDRNFRPYIYALLKDDSQIDEVKKITAERHGKIVRIVDVEKVKKKFLGRPIEVWKLYFEHP

QDVPAIRDKIREHPAVVDIFEYDIPFAKRYLIDKGLIPMEGDEELKLLAFDIETLYHEGEEFAKGPIIMISYADEEGAKVITWKKVDLPY

VEVVSSEREMIKRFLKVIREKDPDVIITYNGDSFDLPYLVKRAEKLGIKLPLGRDGSEPKMQRLGDMTAVEIKGRIHFDLYHVIRRTI

NLPTYTLEAVYEAIFGKPKEKVYAHEIAEAWETGKGLERVAKY SMEDAKVTYELGREFFPMEAQLSRLVGQPLWDVSRSSTGNLV

EWYLLRKAYERNELAPNKPDEREYERRLRESYAGGYVKEPEKGLWEGLVSLDFRSLYPSIIITHNVSPDTLNREGCMEYDVAPEVK

HKFCKDFPGFIPSLLKRLLDERQEIKRRMKASKDPIEKKMLDYRQRAIKILANSYYGYYGYAKARWYCKECAESVTAWGREYIEFVR

KELEEKFGFKVLYIDTDGLYATIPGAKPEEIKRKALEFVEYINAKLPGLLELEYEGFYVRGFFVTKKKYALIDEEGKIITRGLEIVRRDWS

EIAKETQAKVLEAILKHGNVEEAVKIVKEVTEKLSKYEIPPEKLVIYEQITRPLHEYKAIGPHVAVAKRLAARGVKVRPGMVIGYIVLR

GDGPISKRAILAEEFDPRKHKYDAEYYIENQVLPAVLRILEAFGYRKEDLRWQKTKQTGLTAWLNVKKK

SEQ ID NO:

MILDADYITEDGKPIIRLFKKENGRFKVEYDRNFRPYIYALLKDDSAIDDVRKITSERHGKVVRVIDVEKVKKKFLGRPIEVWKLYFEH

PQDVPAMRDKIREHPAVIDIFEYDIPFAKRYLIDKGLIPMEGNEELTFLAVDIETLYHEGEEFGKGPIIMISYADEEGAKVITWKKIDL

PYVEVVANEREMIKRLIKVIREKDPDVIITYNGDNFDFPYLLKRAEKLGMKLPLGRDNSEPKMORLGDSLAVEIKGRIHFDLFPVIRR

TINLPTYTLEAVYEAIFGKQKEKVYPHEIAEAWETGKGLERVAKYSMEDAKVTYELGKEFFPMEAQLARLVGQPLWDVSRSSTGN

LVEWYLLRKAYERNELAPNKPDEREYERRLRESYEGGYVKEPERGLWEGIVSLDFRSLYPSIIITHNVSPDTLNKEGCGEYDEAPEVG

HRFCKDFPGFIPSLLGSLLEERQKIKKRMKESKDPVERKLLDYRQRAIKILANSFYGYYGYAKARWYCKECAESVTAWGRQYIELVR

RELEERGFKVLYIDTDGLYATIPGEKNWEEIKRRALEFVNYINSKLPGILELEYEGFYTRGFFVTKKKYALIDEEGKIVTRGLEIVRRDW

SEIAKETQAKVLEAILKHGNVEEAVKIVKEVTEKLSNYEIPVEKLVIYEQI TRPLNEYKAIGPHVAVAKRLAAKGIKIKPGMVIGYVVLR

GDGPISKRAIAIEEFDGKKHKYDAEYYIENQVLPAVERILKAFGYKREDLRWQKTKQVGLGAWLKVKKS

SEQ ID NO:

MEGWLLDADYITAEDGRAVVRLWCKDFDGNTFVVYDRNFQPYFYAFKNGLSKEDIEKIVVKSREGVIKPFKVEEVRRKVFGKEVE

VFKIYAYHPQHVPKLREELKKITEVREADIPFAYRYLIDKDLACMDGIRVEGKVREERGLKVIDAEHVERFEIPLPEPKVLAFDCEMLT

ELGMPDPEKDKIIIIGVKCGDFEEIITGNEREILLRFVEIIKEQDPDVIVGYNQDNFDWPYIRKRAEKLSVKLNIGRDGSEI SFRGGRPK

JIAGRLNVDLYDIAMKLDVKVKTLENVAEFLGRKVELADIEAKDIYKRWTSGDKESVLKYSKQDVLNTYFIAEELLPMHYELSRMIRIP

TDDVARIGRGKQVDWFLLSEAYKIGEIAPNPAEVEESYEGAFVLEPSRGLHKNVVCLDFASMYPSIMIAYNISPDTYVFGKCDDCY

VAPEVGHKFRKHPDGFFKRILKMLIEKRREIKNQMKSLDRNSREYLLLNIKQQTLKILTNSFYGYTGWSGARWYCRQCAEATTAW

GRHLIKSAVEIAKKLGFEVLYGDTDSIFVKKGNLSLEKIRGEVEKLIEEISEKFPVQIEVDEYYKTIFFVEKKRYAGLTEDGILVVKGLEVR

RGDWCELAKEVQKKVIEIILKEENPEKAAEYVRKVINDIKSGKVKLEDVVIYKGLTKRPDKYESKQAHVKAALRAMELGIVYNVGSK

VGFVVVEGAGNVGDRAYPIDLIEEFDGENLVIRTRSGSIVKKLDKDYYINHQIIPSVLRILERFGYNEASLKGATQKTLDAFW

SEQ ID NO:

MILDADYITENGKPVVRIFKKENGEFKVEYDRNFEPYIYALLKDDSAIEEIKKITAERHGTVVRITKAEKVERKFLGRPVEVWKLYFTH

PQDVPAIRDKIRSHPAVVDIYEYDIPFAKRYLIDKGLVPMEGDEELKMLAFDIETLYHEGEEFAEGPILMISYADESEARVI TWKKVD

LPYVDAVSTEKDMIKAFLRVVKEKDPDVLI TYNGDNFDFAYLKKRCEKLGVKFILGRDGSEPKIQRMGDRFAVDVKGRIHFDLYPVI

RRTINLPTYTLEAVYEAIFGRPKEKVYAEEIAQAWETNEGLERVARY SMEDAKVTYELGKEFFPMEAQLSRLIGQPLWDVSRSSTG

NLVEWFLLRKAYERNELAPNKPSGREYDERRGGYAGGYVKEPEKGLWENIVYLDYKSLYPSIIITHNVSPDTLNREGCKEYDVAPQ

VGHRFCKDFPGFIPSLLGDLLEERQKIKRKMKATIDPIERRLLDYRQRATIKILANSYYGYYGYARARWYCKECAESVTAWGREYIEM
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SIREIEEKYGFKVLYADTDGFHATIPGEDAET IKKKAMEFLKY INSKLPGALELEYEGFYRRGFFVTKKKYAVIDEEGKITTRGLEIVRR

DWSEIAKETQARVLEALLKDGNVEEAVSIVKEVTEKLSKYEVPPEKLVIHEQI TRELKDYKATGPHVAIAKRLAARGVKIRPGTVISYI

VLKGSGRIGDRAIPFDEFDPAKHRYDAEYYIENQVLPAVERILKAFGYRKEDLRYQKTRQVGLGAWLKPKGKK

SEQ ID NO:

MILDTDYITENGKPVIRVFKKENGEFKIEYDRTFEPYFYALLKDDSAIEDVKKVTAKRHGAVVKVKRAEKVORKFLGRPIEVWKLYFT

HPQDVPAIRDKIRAHPAVVDIYEYDIPFAKRYLIDKGLIPMEGDEELRMLAFDIETLYHEGEEFGTGPILMISYADENEARVITWKKI

DLPYVDVVSTEKEMIKRFLRVVKEKDPDVLITYNGDNFDFAYLKKRCEKLGIKFTLGRDGSEPKIQRMGDRFAVEVKGRIHFDLYPV

IRRTINLPTYTLEAVYEAVFGKPKEKVYAEEI TEAWESGEGLERVARYSMEDAKVTYELGREFFPMEAQLSRLIGQSLWDVSRSSTG

NLVEWFLLRKAYERNELAPNKPDERELARRRESYAGGYVKEPERGLWDNIVYLDFRSLYPSIIITHNVSPDTLNREGCKEYDVAPEV

GHKFCKDFPGFIPSLLGDLLEERQKIKRKMKATIDPLEKKLLDYRQRATIKILANSFYGYYGYAKARWYCKECAESVTAWGREYIETTI

REIEEKFGFKVLYADTDGFFATIPGADAETVKKKAKEFLKYINAKLPGLLELEYEGFYVRGFFVTKKKYAVIDEEGKITTRGLEIVRRD

WSEIAKETQARVLEAILKHGDVEEAVRIVKEVTEKLSKYEVPPEKLVIHEQITRDLRDYKATGPHVAVAKRLAAKGVKIRPGTVISYIV

LKGSGRIGDRAIPADEFDPTKHRYDAEYYIENQVLPAVERILKAFGYRKEDLRYQKTKQVGLGAWLKVKGKK

SEQ ID NO:

MILDTDYITEDGKPVIRIFKKDNGEFKIEYDRNFEPYIYALLRDDSAIEDVKKITAERHGRVVKVKRAEKVKKKFLGRPVEVWKLYFTR

PQDVPAIRDRIRAHPAVVDIYEYDIPFAKRYLIDKGIIPMEGDEELKMLAFDIETLYHEGEEFAEGPILMISYADENEARVITWKKIDL

PFVDVVSTEKEMIKRFLKVIKEKDPDVLITYNGDNFDFAYLKKRCEKFGIKFTLGRDGSDPKIQRMGDRFAVEVKGRIHFDLYPVILR

TVNLPTYTLEAVYEAIFGTPKEKVYPEEITTAWETGEGLERVARY SMEDAKVTFELGREFFPMEAQLSRLVGQSFWDVSRSSTGNL

VEWFLLRKAYERNELAPNKPDERELVRRRNSYTGGYVKEPERGLWDNIVYLDFRSLYPSIIITHNVSPDTLNREGCKEYDEAPQVG

HKFCKDFPGFIPSLLGNLLDERQKIKKRMKATIDPLEKKLLDYRQRAIKILANSYYGYYAYARARWYCKECAESVTAWGREYIEMSIR

EIEEKYGFKVLYADTDGFHATIPGADAETVKKKAMEFLKY INAKLPGALELEYEGFYKRGFFVTKKKYAVIDEEGKI TTRGLEIVRRD

WSEIAKETQARVLEALLKDGNVEEAVSIVKEVTEKLGKYEVPPEKLVIHEQITRELKDYKATGPHVAIAKRLAARGVKIRPGTVISYIV

LKGSGRIGDRAIPFDEFDPTKHRYDAEYYIENQVLPAVERILKAFGYRAEDLRYQKTRQVGLGVWLQPKGKK

SEQ ID NO:

MELAFWLLDITYGVIGNTPELRLFGITDDGKRVLVLDRSFRPYFYVIPSGDVNAVFNNVKRKLEGKVLNVEVIKRKMFGNEVDAIR

VTATIPEKVRELRELAAEVPGVEDVLEADIRFSQRYLLDMGVKPSNWIVVDQCEEVKGNYQVDLVCLAKSRPRMI EEHKLPSFRVL

AFDIEVYNPRGMPNPDRDPVIIISTMTKEDGVKMFVVDDNKNDAKIIREFLDYFRKYDPDIVVGYNNNGFDWPYLVNRSSRVGV

RLALSRMGNPPEPSVYGHWSIIGRANVDLYNFIEEISEIKVKSLDRAAEFFGIMKRSERVLIPGHRIHEYWDDKNKRDLLLKYARDD

VVSTYGLAEKLLPFAIQLSSISGLPLDQVGAASVGARVEWMIFYEAVKRGELAPNREERPYETYKGAVVLEPRPGLHENIAVIDFSS

MYPSIMMKYNVSPDTLVLGDCGDCYVAPEVNYKFRRSPEGLYPGLLRILVESRRRVRDLMKKYPENSPEWVLLNERQRALKVMA

NAMYGYCGWLGARWYRREVAEAVTAWGRNLLRTVIEKARSLGLPIIYGDTDSLFVRNISDKVDALINYVNNELGFEVKVDKVYRR

VLFTEAKKRYVGLTVEGEVDIVGFEAVRGDWAEIAKDVQENVAEIVLTTGDVGKAISYVKSVIDKVKAYQFDIDDVI IWKTLDKSLN

EYKVLTPHVAAAKQLVEAGYKVGKGDMIGYVVVKGGGAKLAYKVKPYILIKDIREVDVDYYVEKQIVPAAMRILEVLGVKESQLM

EGKAGKSILDYFS

SEQ ID NO:

MLRTVWVDYARKGEPDVILVGRREDGNPAALVVKGFRPYFYAEVEDGFDPSEVERLSGVVEVEEVLLEHPYGGDRVELLRIVATY

PKVVPKLREQVKKLDGVKEVYEADIPFVRRAAVDLNLPPASEVDVSDLD TGSWSGLPAYFADVEDARELDHRPYPIEDLVVASFDL

EVLAEPGTTIKGASGPIIAISFAYSTPDGERRNYVITWKGEDESFEVDGVETEVIVCRSEAAALRRFFDEFRRVDPDVVFTYNGDEFD

LPYLQHRAGKLGIDVSPLARPAGKRGI ILKHGGGRYASDIFGRAHVDLYHTARKNLKLERFTLEEAVKDVLGVEKEEMELAD INEA

WKRGNLDELMRYSAEDAHY TLELGLELAQVELELSYLTRLPLPDATRFSFGQLAEWRAIYKARQEDILVPNKPTRDEYKRRRRKAY

KGAIVFEPEIGLHENVVCVDFASLYPNVMVAHNISPDTFDCDCCPRVTVEEVDDPTDATVAPDVGHKFCKRRKGFFPRLVEGLIER

RRELKRRLRKLDTESHPHEAKILDVRQQAYKVLANSYYGYMGWANARWFCRECAESVTAWGRYYISEVRRIAEEKYGLKVVYGD

TDSLFVKLPDADLEETIERVKEFLKEVNGRLPVELELEDAYKRILFVTKKKYAGYTEDGKIVTKGLEVVRRDWAPIARETQRRVLKRIL
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ADNDPEAALKEIHEVLERLKSGDVD IDELAVTSQLTKKPS EYVQKGPHVRAALRLARHLGVEPEPGTIVRYVIVRGPGSVSDKAYPYV

ELVREEGKEPDVDYYIEHQILPAVERIMRAIGYSRGQIVGETASQKTLDQFFG

SEQ ID NO:
MELKIWPLDVTYAVVGGYPEVRVFGLTEGGGRVVLVDRSFKPYFYVDCPTCEVGVVKSSLSRVAPVDEVSAAERRFLGRPRRFLM
VVARVPEDVRRLREAAAQIPGVAGVYEADIRFYMRYMIDVGLLPCSWNRAEVEGGGKVGGLPQY TVVQWLGPAGGFPPPLRV
LAFDIEVYNERGTPDPARDPVVMIAVKTDDGREEVFEAEGRDDRGVLRSFVEFVKSYDPDVVVGYNSNGFDWPYLAGRARAIGV
PLRVDRLGGLPQQSVYGHWSIVGRANVDLYGIVEEFPEIKLKTLDRVAEYFGVMRREERVLIPGHKIYEYWRDPGKRPLLRQYVLD
DVRSTLGLADKLLPFLIQLSSVSGLPLDQVAAASVGNRVEWMLLRYAYRLGEVAPNREEREYEPYKGAIVLEPKPGMYEDVLVLDF
SSMYPNIMMKYNLSPDTYLEPGEPDPPEGVNAAPEVGHRFRRSPLGFVPQVLKSLVELRKAVREEAKRYPPDSPEFRILDERQRAL
KVMANAMYGYLGWVGARWYKREVAESVTAFARAILKDVIEQARRLGIVVVYGDTDSLFVKKHVNVDKLIQYVEEKYGIEIKVDK
DYAKVLFTEAKKRYAGLLRDGRIDIVGFEVVRGDWSELAKEVQLKVVEI ILNSRDVAEARRRVTQYVREIIERLREYKFNVDDLIIWK
TLDKELGEYKAYPPHVHAALILKRHGYKVGKGNMVGYVVVKGGGKISEKALPYILLDDVKKIDVEYYIERQIIPAALRIAEVIGVKEA
DLKTGKSERSLLDFF

SEQ ID NO:
MKTFLTEQQIKVLMLRAKGYKQSEIAKILGTSRANVSILEKRAMEKIEKARNTLLLWEQINSKVIVEIKAGEDIFSIPEKFFKKADKVG
VKVPYSTAEIITFLVEHAPVEDRLAKRDFVLFLDSKNKLRIGDCLVIEEIKED

SEQ ID NO:
MPITKVTRNYQITIPAEIRKALGIKEGELLEVRLENGKIIIERLKKERKTLKLGKKLTLEEIEKAIEEGMKQCMQ

SEQ ID NO:
TKIEILRLLKEREMYAYEIWSLLGKPLKYQAVHQHIKELLELGLVEQAYRKGKRVYYKITEKGLRILONFEDLENI

SEQ ID NO:
MNTGAQGVSEMSRMKIISVQLPQSLIHGLDALVKRGIYPNRSEAIRVAIRELLKKELYKEEIQEEIPEYVVK

SEQ ID NO:
VIIPRPIDPRDIRRIRKELGITQEELARKAGVTQAY IAKLEAGKVDPRLSTFNKILRALIECQKAKI

SEQ ID NO:
NNCECMVVKEKLYTVKQASEILGVHPKTIQKWDREGKIKTVRTPGGRRRIPESEIKRLLGISEEK

SEQ ID NO:
MLKDSAPKRKILEELRKGETVSGDYLASKLGVSRVAIWKHIRELKELGYGI IADKKGYKLVYEPKKPYPWE

SEQ ID NO:
MIDERDKIILEILEKDARTPFTEIAKKLGISETAVRKRVKALEEKGIIEGYTIKINPKKLGYSLVTITGVDTKPEKLFEVAEKLKE

SEQ ID NO:
MEIDDLDRKILSLLIEDSRLSYREIAKKLNVAVGTIYNRIKKLEDMGVIQGFTVKLNYEKLGYELTAIIGIKAQGKK

SEQ ID NO:
EMLWMYILKLLKDRPMYAYEIRNELKKRFGFEPATVSSYVVLYRLEEGGYVSSEWHESEAGRPSRKYYRLTEKGEKLLEKGIETIEDV
LNMLKS

SEQ ID NO:
MKVSKATASKVLRSLENKGIVERERRGKTYLVRLTNKGLELLEEI SKAGKELDEKIFAEMSVDERIVL

SEQ ID NO:
SEDYMLONRRKVLAKVLELLNYNPKALNISELARMFGVSRDTIYNDIQQIIKNVEV

SEQ ID NO:
SKEISRFLKVISNPIRYGILKMLNDRWMCVCLISEALEIDQTLVSHHIRILKELDLLEERKEGKLRFYRTNKEKLREYLEKVLEDFNHGT
SKGS

SEQ ID NO:
MCRKDVMIISDPKQIKALSDPTRVKILELLRYHPMTVSEISRVIGKDKSTIYRHIKALEEAGLVEEVEKIGNETVYGR

SEQ ID NO:
MEPVEFKLNQKGIKSILPTMEAEIMEYMWEIKEATAGEVYEYMKTKYPEIRRSTVSILMNRLCERGLLKRRMEKGKGGIRYVYSITT
TREEFERKVVEKIIESLMMNFREATFAYLSKINKK

SEQ ID NO:

MKKSNLDLLILLAKAGGIEKEILTTSRELSKMLNVSPQTIVRWLEDLEKDGLIKKSESRKGTLVTITEEGVKFLEKLHEELSDALYR
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SEQ
MEIPPEISHALSEIGFTKYEILTYWTLLVYGPSTAKEI STKSGIPYNRVYDTI SSLKLRGFVTEIEGTPKVYAAYSPRIAFFRFKKELEDIM

KKLEIELNNVKK

SEQ
IINPQARLTPLELEILEIIKQKKSITITEIKEILSERRKSEYPLSLVSEYISRLERKGYVKKIAKGRKKFVEALT

SEQ
GIDVVIPEIKHDPIARDIVKILFDLRRANVSQIARELKGRRGKASRNTVRKKLKELEKLGVVKEVPGERGSVY TLSREVVKKWLDLIGI
PINLL

SEQ
MTKRVKVITDPEVIKVMLEDTRRKI LQLLRNREMTISQLSEILGKMPQT I YHHI EKLKEAGLVEVKR

SEQ
MEEIKEIMKSHTLGNPVRLGIMI YLFPRRRAPFSHIQKALDLTPGNLDSHI KVLEKHGFVRTYKVIADRPRTMVE I TDYGMEETRKE
LSHLKTVIDAIHF

SEQ
MGEELNRLLDVLGNETRRRILFLLTKRPYFVSELSRELGVGQKAVLEHLRI LEEAGLI ESRVEKIPRGRPRKYYMIKKGLRLEI LLTPTLF
GSEMYEAK

SEQ
MRRMDKVDLQLIKILSQNSRLTYRELAEMLGT TRQRVARKVDKLKKLGI IRKFTIIPNLEK

SEQ
GRKVRTQONE I LNLLNEKEKAVLRAILEHGGEIKQEDLPELVGYSRPTI SKVIQELENKGLI KREKSGKTFVVKI ERKIKLD

SEQ
KSLORFLRRNTTSIKHLSEITGVARNRLSDILNGKTQKIRGETLRKI AKAFEKSNILSF

SEQ
DVIQRIKEKYDEFTNAEKKIADTILSDPKGIIESSISDLSEKAGVKS EASVVKFYKKLGLNS FQOFKVLLAQS ISRAPLEIVYEDVSSEDD
TKTITEKIFKATVRAI

SEQ
KIRDKILNVYTQFSPAERKVADYVLERPDDVIHYSITEFAKIVGVSETT IHRMIKKLDFEGYQAFKIALARELSGLEET IERRDFIDEEIDI
LRRLKDTLD

SEQ
KRRPTINDVAKLAGVSISTVSRYLKDPSQVSEKLGERIREAIKKLGYKPNKIAQGLRTGD

SEQ
MASIKDVAKLAGVS IATVSRVINGYNNVSEETRKKVIDAIRKLNYHPVYAVKGAVLKR

SEQ
MKKKYVTIRDIAEKAGVSINTVSRALNNKPDI SEETRRKI LKIAQELGYVKNATASSLRSK

SEQ
MPTIEDVAKLAGVS IATVSRVINGSGYVSEKTRYKVWKAIEELGYKPEI SAKLLASKG

SEQ
MRIGEKLRKLRLSRGLTQEELAERTDLSRSFISQLESDKTSPS IDTLERILEALGTDLKHE

SEQ
MHMKTVRQERLKSIVRILERSKEPVSGAQLAEELSVSRQVIVQDIAYLRSLGYNIVATPRGYVLAGG

SEQ
MNTLKKAFEILDFIVKNPGDVSVSEIAEKFNMSYSNAYKYMVVLEEKGFVLRKKDKRYVPGYKLIEYGSFVLRRE

SEQ
MKISKKRRQELIRKITHEKKI SNQFQIVEELKKYGIKAVQPTVARDLKEIGAVKIMDESGNYVYKLLDETPVIDPWKELKR

SEQ
MHKKLNPKSMKRENKKMVLRYLIESGPHSRVEIARKTGLAQSAIWRI IEELVNEGLVEEKGTATGRRRKAVTYGPTRSFITS

SEQ
MPSPLLRRENKIKILRY ILKNGKTTRNQLASNLNLAHSTLSYI IDELLDEGFLVFEEI KKKRGRPYQILSVNPEKFTAT

SEQ

MKEERLKEILDIVDRNGFISMKDLQEQLGVSMITVRRDVAELVKRNLVKKVHGGIRKVNYFEKETDFMKRLSINREAKE
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SEQ ID NO:

MFTMRSEYALRLMIVMAKEYGNYLSMTEILEKAKQSVPREFAEKILY TLKKAGLVKTRRGKSGGYMLSRPPKEIKVSEIVFLLDRKS

KVFFDMPGCPDELDCVIRALWKRVENEIEKILSGVTLEDLVREQEEKMKQ

SEQ ID NO:

MRDTKGHLKFLVLHIISQQPSHGYVIMKKISQIIGAEPPSPGALYPILSSLRKQKYIETYNEGKRKVYRLTDKGRKYLEEHKEEIKKALD

FAERF

SEQ ID NO:

MRHRGGRGFRGWWLASTILLLVAEKPSHGYELAERLAEFGIEIPGIGHMGNIYRVLADLEESGFLSTEWDTTVSPPRKIYRITPQG

KLYLREILRSLEDMKRRIETLEERIKRVLQEE

SEQ ID NO:

MLSKRDAILKAAVEVFGKKGYDRATTDEIAEKAGVAKGLIFHYFKNKEELYYQAYMSVTEKLQKEFENFL

SEQ ID NO:

MSKSWGKFIEEEEAEMASRRNLMIVDGTNLGFRFKHNNSKKPFASSYVSTIQSLAKSYSARTTIVLGDKGKSVFRLEHLPEYKGNR

DEKYAQRTEEEKALDEQFFEYLKDAFELCKTTFPTFTIRGVEADDMAAY IVKLIGHLYDHVWLISTDGDWDTLLTDKVSRFSFTTRR

EYHLRDMYEHHNVDDVEQFISLKAIMGDLGDNIRGVEGIGAKRGYNIIREFGNVLDIIDQLPLPGKQKY IQNLNASEELLFRNLILV

DLPTYCVDAIAAVGQDVLDKFTKDILEIAEQ

SEQ ID NO:
MEEKVGNLKPNMESVNVTVRVLEASEARQIQTKNGVRTISEAIVGDETGRVKLTLWGKHAGS IKEGQVVKIE

NAWTTAFKGQVQLNAGSKTKIAEASEDGFPESSQIPENTPTAPQQMRGGGRGFRGGGRRYGRRGGRRQENEE

GEEE

SEQ ID NO:
MTLEEARKRVNELRDLIRYHNYRYYVLADPISDAEYDRLLRELKELEERFPELKSPDSPTLQVGARPLEATFRPVRHPTRMY SLDNA

FNLDELKAFEERIERALGRKGPFAYTVEHKVDGLSVNLYYEEGVLVYGATRGDGEVGEEVTQNLLTIPTIPRRLKGVPERLEVRGEM

PIEAFLRLNEELEERGERIFKNPRNAAAGSLRQKDPRI TAKRGLRATFYALGLGLEEVEREGVATQFALLHWLKEKGFPVEHGYARA

VGAEGVEAVYQDWLKKRRALPFEADGVVVKLDELALWRELGYTARAPRFAIAYKFPAEEKETRLLDVVFQVGRTGRVTPVGILEP

VFLEGSEVSRVTLHNESYIEELDIRIGDWVLVHKAGGVIPEVLRVLKERRTGEERPIRWPETCPECGHRLLKEGKVHRCPNPLCPAK

RFEAIRHFASRKAMDIQGLGEKLIERLLEKGLVKDVADLYRLRKEDLVGLERMGEKSAQNLLRQIEESKKRGLERLLYALGLPGVGE

VLARNLAARFGNMDRLLEASLEELLEVEEVGELTARAILETLKDPAFRDLVRRLKEAGVEMEAKEKGGEALKGLTFVITGELSRPRE

EVKALLRR

SEQ ID NO:
MILDADYITEDGKPIIRIFKKENGEFKVEYDRNFRPYIYALLKDDSAIDDVKKITAERHGKVVRVVDVEKVKKKFLGRPIEVWKLYFEH

PQDVPAIRDKIREHPAVIDIFEYDIPFAKRYLIDKGLIPMEGNEELKLLAFDIETLYHEGEEFGKGPIIMISYADEEGAKVITWKKVDLP

YVEVVSSEREMIKRFLKVIREKDPDVIITYNGDNFDFPYLLKRAEKLGMKLPLGRDGSEPKMQRLGDSLAVEIKGRIHFDLYPVIRRTI

NLPTYTLEAVYEAIFGKPKEKVYPHEIAEAWETGKGLERVAKYSMEDAKVTYELGREFFPMEAQLARLVGQPLWDVSRSSTGNLV

EWYLLRKAYERNELAPNKPDEREYERRLRESYEGGYVKEPEKGLWEGIVSLDFRSLYPSIIITHNVSPDTLNKEGCGEYDVAPEVGH

RFCKDFPGFIPSLLGSLLDERQKIKRRMKASKDPIERKLLDYRQRAIKILANSYYGYYGYAKARWYCKECAESVTAWGREYIELVRRE

LEERGFKVLYIDTDGLYATIPGEKNWEEIKRRALEFVNYINAKLPGLLELEYEGFYTRGFFVTKKKYALIDEEGKIITRGLEIVRRDWSEI

AKETQAKVLEAILKHGNVEEAVKIVKEVTEKLSKYEIPPEKLVIYEQITRPLNEYKAIGPHVAVAKRLAARGIKVRPGMVIGYVVLRG

DGPISKRAIAAEEFDPKKHKYDAEYYIENQVLPAVLRILEAFGYRKEDLRWQKTKQVGLGAWLKVKKSLGAKVTDSVSRKTSYLVV

GENPGSKLEKARALGVPTLTEEELYRLLEARTGKKAEELV

94

95

96

97

98

100

101

102
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 108

<210> SEQ ID NO 1

<211> LENGTH: 775

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 1

Met Ile Leu Asp Ala Asp Tyr Ile Thr Glu Asp Gly Lys Pro Ile Ile
1 5 10 15

Arg Leu Phe Lys Lys Glu Asn Gly Arg Phe Lys Val Glu Tyr Asp Arg
20 25 30

Asn Phe Arg Pro Tyr Ile Tyr Ala Leu Leu Lys Asp Asp Ser Ala Ile
35 40 45

Asp Asp Val Arg Lys Ile Thr Ser Glu Arg His Gly Lys Val Val Arg
Val Ile Asp Val Glu Lys Val Lys Lys Lys Phe Leu Gly Arg Pro Ile
65 70 75 80

Glu Val Trp Lys Leu Tyr Phe Glu His Pro Gln Asp Val Pro Ala Met
85 90 95

Arg Asp Lys Ile Arg Glu His Pro Ala Val Ile Asp Ile Phe Glu Tyr
100 105 110

Asp Ile Pro Phe Ala Lys Arg Tyr Leu Ile Asp Lys Gly Leu Ile Pro
115 120 125

Met Glu Gly Asn Glu Glu Leu Thr Phe Leu Ala Val Asp Ile Glu Thr
130 135 140

Leu Tyr His Glu Gly Glu Glu Phe Gly Lys Gly Pro Ile Ile Met Ile
145 150 155 160

Ser Tyr Ala Asp Glu Glu Gly Ala Lys Val Ile Thr Trp Lys Lys Ile
165 170 175

Asp Leu Pro Tyr Val Glu Val Val Ala Asn Glu Arg Glu Met Ile Lys
180 185 190

Arg Leu Ile Lys Val Ile Arg Glu Lys Asp Pro Asp Val Ile Ile Thr
195 200 205

Tyr Asn Gly Asp Asn Phe Asp Phe Pro Tyr Leu Leu Lys Arg Ala Glu
210 215 220

Lys Leu Gly Met Lys Leu Pro Leu Gly Arg Asp Asn Ser Glu Pro Lys
225 230 235 240

Met Gln Arg Leu Gly Asp Ser Leu Ala Val Glu Ile Lys Gly Arg Ile
245 250 255

His Phe Asp Leu Phe Pro Val Ile Arg Arg Thr Ile Asn Leu Pro Thr
260 265 270

Tyr Thr Leu Glu Ala Val Tyr Glu Ala Ile Phe Gly Lys Gln Lys Glu
275 280 285

Lys Val Tyr Pro His Glu Ile Ala Glu Ala Trp Glu Thr Gly Lys Gly
290 295 300

Leu Glu Arg Val Ala Lys Tyr Ser Met Glu Asp Ala Lys Val Thr Tyr
305 310 315 320

Glu Leu Gly Lys Glu Phe Phe Pro Met Glu Ala Gln Leu Ala Arg Leu
325 330 335

Val Gly Gln Pro Leu Trp Asp Val Ser Arg Ser Ser Thr Gly Asn Leu
340 345 350

Val Glu Trp Tyr Leu Leu Arg Lys Ala Tyr Glu Arg Asn Glu Leu Ala
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Pro
Tyr
385

Ile

Asp

Phe

Lys

465

Asp

Tyr

Ser

Leu

Tyr

545

Ala

Glu

Lys

Leu

Ala

625

Pro

Glu

Ala

Leu

705

Phe

Gln

Arg

Trp

Asn

370

Glu

Val

Asn

Glu

Ile

450

Lys

Tyr

Tyr

Val

Glu

530

Ala

Leu

Leu

Lys

Glu

610

Lys

Lys

Val

Tyr

Lys

690

Arg

Asp

Val

Glu

Leu
770

355

Lys

Gly

Ser

Val

Ala

435

Pro

Arg

Arg

Gly

Thr

515

Glu

Thr

Glu

Glu

Tyr

595

Ile

Val

Ile

Glu

Lys

675

Gly

Gly

Gly

Leu

Asp
755

Lys

Pro

Gly

Leu

Ser

420

Pro

Ser

Met

Gln

Tyr

500

Ala

Arg

Ile

Phe

Tyr

580

Ala

Val

Leu

Val

Lys

660

Ala

Ile

Asp

Lys

Pro
740

Leu

Val

Asp

Tyr

Asp

405

Pro

Glu

Leu

Lys

Arg

485

Ala

Trp

Gly

Pro

Val

565

Glu

Leu

Arg

Glu

Lys

645

Leu

Ile

Lys

Gly

Lys

725

Ala

Arg

Lys

Glu

Val

390

Phe

Asp

Val

Leu

Glu

470

Ala

Lys

Gly

Phe

Gly

550

Asn

Gly

Ile

Arg

Ala

630

Glu

Val

Gly

Ile

Pro

710

His

Val

Trp

Lys

Arg

375

Lys

Arg

Thr

Gly

Gly

455

Ser

Ile

Ala

Arg

Lys

535

Glu

Tyr

Phe

Asp

Asp

615

Ile

Val

Ile

Pro

Lys

695

Ile

Lys

Glu

Gln

Ser
775

360

Glu

Glu

Ser

Leu

His

440

Ser

Lys

Lys

Arg

Gln

520

Val

Lys

Ile

Tyr

Glu

600

Trp

Leu

Thr

Tyr

His

680

Pro

Ser

Tyr

Arg

Lys
760

Tyr

Pro

Leu

Asn

425

Arg

Leu

Asp

Ile

Trp

505

Tyr

Leu

Asn

Asn

Thr

585

Glu

Ser

Lys

Glu

Glu

665

Val

Gly

Lys

Asp

Ile
745

Thr

Glu

Glu

Tyr

410

Lys

Phe

Leu

Pro

Leu

490

Tyr

Ile

Tyr

Trp

Ser

570

Arg

Gly

Glu

His

Lys

650

Gln

Ala

Met

Arg

Ala
730

Leu

Lys

Arg

Arg

395

Pro

Glu

Cys

Glu

Val

475

Ala

Cys

Glu

Ile

Glu

555

Lys

Gly

Lys

Ile

Gly

635

Leu

Ile

Val

Val

Ala
715
Glu

Lys

Gln

Arg

380

Gly

Ser

Gly

Lys

Glu

460

Glu

Asn

Lys

Leu

Asp

540

Glu

Leu

Phe

Ile

Ala

620

Asn

Ser

Thr

Ala

Ile

700

Ile

Tyr

Ala

Val

365

Leu

Leu

Ile

Cys

Asp

445

Arg

Arg

Ser

Glu

Val

525

Thr

Ile

Pro

Phe

Val

605

Lys

Val

Asn

Arg

Lys

685

Gly

Ala

Tyr

Phe

Gly
765

Arg

Trp

Ile

Gly

430

Phe

Gln

Lys

Phe

Cys

510

Arg

Asp

Lys

Gly

Val

590

Thr

Glu

Glu

Tyr

Pro

670

Arg

Tyr

Ile

Ile

Gly
750

Leu

Glu

Glu

Ile

415

Glu

Pro

Lys

Leu

Tyr

495

Ala

Arg

Gly

Arg

Ile

575

Thr

Arg

Thr

Glu

Glu

655

Leu

Leu

Val

Glu

Glu
735

Tyr

Gly

Ser

Gly

400

Thr

Tyr

Gly

Ile

Leu

480

Gly

Glu

Glu

Leu

Arg

560

Leu

Lys

Gly

Gln

Ala

640

Ile

Asn

Ala

Val

Glu
720
Asn

Lys

Ala
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<210> SEQ ID NO 2

<211> LENGTH: 75

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 2

Ile Ile Asn Pro Gln Ala Arg Leu Thr Pro Leu Glu Leu Glu Ile Leu
1 5 10 15

Glu Ile Ile Lys Gln Lys Lys Ser Ile Thr Ile Thr Glu Ile Lys Glu
20 25 30

Ile Leu Ser Glu Arg Arg Lys Ser Glu Tyr Pro Leu Ser Leu Val Ser
35 40 45

Glu Tyr Ile Ser Arg Leu Glu Arg Lys Gly Tyr Val Lys Lys Ile Ala
50 55 60

Lys Gly Arg Lys Lys Phe Val Glu Ala Leu Ile
65 70 75

<210> SEQ ID NO 3

<211> LENGTH: 856

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 3

Met Ile Leu Asp Ala Asp Tyr Ile Thr Glu Asp Gly Lys Pro Ile Ile
1 5 10 15

Arg Leu Phe Lys Lys Glu Asn Gly Arg Phe Lys Val Glu Tyr Asp Arg
20 25 30

Asn Phe Arg Pro Tyr Ile Tyr Ala Leu Leu Lys Asp Asp Ser Ala Ile
35 40 45

Asp Asp Val Arg Lys Ile Thr Ser Glu Arg His Gly Lys Val Val Arg
50 55 60

Val Ile Asp Val Glu Lys Val Lys Lys Lys Phe Leu Gly Arg Pro Ile
65 70 75 80

Glu Val Trp Lys Leu Tyr Phe Glu His Pro Gln Asp Val Pro Ala Met
85 90 95

Arg Asp Lys Ile Arg Glu His Pro Ala Val Ile Asp Ile Phe Glu Tyr
100 105 110

Asp Ile Pro Phe Ala Lys Arg Tyr Leu Ile Asp Lys Gly Leu Ile Pro
115 120 125

Met Glu Gly Asn Glu Glu Leu Thr Phe Leu Ala Val Asp Ile Glu Thr
130 135 140

Leu Tyr His Glu Gly Glu Glu Phe Gly Lys Gly Pro Ile Ile Met Ile
145 150 155 160

Ser Tyr Ala Asp Glu Glu Gly Ala Lys Val Ile Thr Trp Lys Lys Ile
165 170 175

Asp Leu Pro Tyr Val Glu Val Val Ala Asn Glu Arg Glu Met Ile Lys
180 185 190

Arg Leu Ile Lys Val Ile Arg Glu Lys Asp Pro Asp Val Ile Ile Thr
195 200 205

Tyr Asn Gly Asp Asn Phe Asp Phe Pro Tyr Leu Leu Lys Arg Ala Glu
210 215 220

Lys Leu Gly Met Lys Leu Pro Leu Gly Arg Asp Asn Ser Glu Pro Lys
225 230 235 240
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Met

Tyr

Lys

Leu

305

Glu

Pro
Tyr
385

Ile

Asp

Phe

Lys

465

Asp

Tyr

Ser

Leu

Tyr

545

Ala

Glu

Lys

Leu

Ala
625

Pro

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn

370

Glu

Val

Asn

Glu

Ile

450

Lys

Tyr

Tyr

Val

Glu

530

Ala

Leu

Leu

Lys

Glu
610
Lys

Lys

Val

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Ser

Val

Ala

435

Pro

Arg

Arg

Gly

Thr

515

Glu

Thr

Glu

Glu

Tyr

595

Ile

Val

Ile

Glu

Leu

Leu

260

Glu

Pro

Val

Lys

Pro

340

Tyr

Pro

Gly

Leu

Ser

420

Pro

Ser

Met

Gln

Tyr

500

Ala

Arg

Ile

Phe

Tyr

580

Ala

Val

Leu

Val

Lys

Gly

245

Phe

Ala

His

Ala

Glu

325

Leu

Leu

Asp

Tyr

Asp

405

Pro

Glu

Leu

Lys

Arg

485

Ala

Trp

Gly

Pro

Val

565

Glu

Leu

Arg

Glu

Lys
645

Leu

Asp

Pro

Val

Glu

Lys

310

Phe

Trp

Leu

Glu

Val

390

Phe

Asp

Val

Leu

Glu

470

Ala

Lys

Gly

Phe

Gly

550

Asn

Gly

Ile

Arg

Ala
630

Glu

Val

Ser

Val

Tyr

Ile

295

Tyr

Phe

Asp

Arg

Arg

375

Lys

Arg

Thr

Gly

Gly

455

Ser

Ile

Ala

Arg

Lys

535

Glu

Tyr

Phe

Asp

Asp

615

Ile

Val

Ile

Leu

Ile

Glu

280

Ala

Ser

Pro

Val

Lys

360

Glu

Glu

Ser

Leu

His

440

Ser

Lys

Lys

Arg

Gln

520

Val

Lys

Ile

Tyr

Glu

600

Trp

Leu

Thr

Tyr

Ala

Arg

265

Ala

Glu

Met

Met

Ser

345

Ala

Tyr

Pro

Leu

Asn

425

Arg

Leu

Asp

Ile

Trp

505

Tyr

Leu

Asn

Asn

Thr

585

Glu

Ser

Lys

Glu

Glu

Val

250

Arg

Ile

Ala

Glu

Glu

330

Arg

Tyr

Glu

Glu

Tyr

410

Lys

Phe

Leu

Pro

Leu

490

Tyr

Ile

Tyr

Trp

Ser

570

Arg

Gly

Glu

His

Lys

650

Gln

Glu

Thr

Phe

Trp

Asp

315

Ala

Ser

Glu

Arg

Arg

395

Pro

Glu

Cys

Glu

Val

475

Ala

Cys

Glu

Ile

Glu

555

Lys

Gly

Lys

Ile

Gly
635

Leu

Ile

Ile

Ile

Gly

Glu

300

Ala

Gln

Ser

Arg

Arg

380

Gly

Ser

Gly

Lys

Glu

460

Glu

Asn

Lys

Leu

Asp

540

Glu

Leu

Phe

Ile

Ala
620
Asn

Ser

Thr

Lys

Asn

Lys

285

Thr

Lys

Leu

Thr

Asn

365

Leu

Leu

Ile

Cys

Asp

445

Arg

Arg

Ser

Glu

Val

525

Thr

Ile

Pro

Phe

Val

605

Lys

Val

Asn

Arg

Gly

Leu

270

Gln

Gly

Val

Ala

Gly

350

Glu

Arg

Trp

Ile

Gly

430

Phe

Gln

Lys

Phe

Cys

510

Arg

Asp

Lys

Gly

Val

590

Thr

Glu

Glu

Tyr

Pro

Arg

255

Pro

Lys

Lys

Thr

Arg

335

Asn

Leu

Glu

Glu

Ile

415

Glu

Pro

Lys

Leu

Tyr

495

Ala

Arg

Gly

Arg

Ile

575

Thr

Arg

Thr

Glu

Glu
655

Leu

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala

Ser

Gly

400

Thr

Tyr

Gly

Ile

Leu

480

Gly

Glu

Glu

Leu

Arg

560

Leu

Lys

Gly

Gln

Ala
640

Ile

Asn
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58

660 665

Glu Tyr Lys Ala Ile Gly Pro His Val Ala Val
675 680

Ala Lys Gly Ile Lys Ile Lys Pro Gly Met Val
690 695

Leu Arg Gly Asp Gly Pro Ile Ser Lys Arg Ala
705 710 715

Phe Asp Gly Lys Lys His Lys Tyr Asp Ala Glu
725 730

Gln Val Leu Pro Ala Val Glu Arg Ile Leu Lys
740 745

Arg Glu Asp Leu Arg Trp Gln Lys Thr Lys Gln
755 760

Trp Leu Lys Val Lys Lys Ser Gly Thr Gly Gly
770 775

Pro Gln Ala Arg Leu Thr Pro Leu Glu Leu Glu
785 790 795

Lys Gln Lys Lys Ser Ile Thr Ile Thr Glu Ile
805 810

Glu Arg Arg Lys Ser Glu Tyr Pro Leu Ser Leu
820 825

Ser Arg Leu Glu Arg Lys Gly Tyr Val Lys Lys
835 840

Lys Lys Phe Val Glu Ala Leu Ile
850 855

<210> SEQ ID NO 4

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 4

ttggtctggt gtcaaaaatg aatcgtcacyg gegatttatg

<210> SEQ ID NO 5

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 5

gggtcatttt cggcgaggac tgcatcaacg catatageg

<210> SEQ ID NO 6

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 6

geggecegegt cctegecgaa aatgacccag ag
<210> SEQ ID NO 7

<211> LENGTH: 32

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

Ala

Ile

700

Ile

Tyr

Ala

Val

Gly

780

Ile

Lys

Val

Ile

Lys

685

Gly

Ala

Tyr

Phe

Gly

765

Gly

Leu

Glu

Ser

Ala
845

670

Arg

Tyr

Ile

Ile

Gly

750

Leu

Ile

Glu

Ile

Glu

830

Lys

Leu

Val

Glu

Glu

735

Tyr

Gly

Ile

Ile

Leu

815

Tyr

Gly

Ala

Val

Glu

720

Asn

Lys

Ala

Asn

Ile

800

Ser

Ile

Arg

40

39

32
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-continued

60

<220> FEATURE:
<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 7

geggeegety gtgtegatgg tagaacgaag cg

<210> SEQ ID NO 8

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 8

geggecegece cactgacgeg ttgegegaga ag

<210> SEQ ID NO 9

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 9

geggeegegyg ctgcgcaact gttgggaagyg ge

<210> SEQ ID NO 10

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 10

geggeegetyg cagcacatce cectttegee ag

<210> SEQ ID NO 11

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 11

geggecgeat gatgetegtg acggttaacyg cc

<210> SEQ ID NO 12

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 12

geggecgeag gtgcggattg aaaatggtet ge

<210> SEQ ID NO 13

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 13

geggeegete accgettgee ageggettac ca

32

32

32

32

32

32

32
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62

<210> SEQ ID NO 14

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 14

geggecgega atacctgtte cgtcatageg at

<210> SEQ ID NO 15

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 15

geggecgete atttttgaca ccagaccaac tgg

<210> SEQ ID NO 16

<211> LENGTH: 1016

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 16

geggecgegt cctegecgaa aatgacccag agcegetgecg geacctgtec tacgagttge
atgataaaga agacagtcat aagtgcggeg acgatagtca tgccccgege ccaccggaag
gagctgactyg ggttgaagge tctcaagggce atcggtegag atccceggtge ctaatgagtg
agctaactta cattaattgc gttgcgetca ctgcccegett tecagtceggyg aaacctgteg
tgccagetge attaatgaat cggccaacge geggggagag geggtttgeg tattgggege
cagggtggtt tttcttttca ccagtgagac gggcaacage tgattgcect tcaccgectg
geectgagayg agttgcagca agcggtccac getggtttge cecagcaggce gaaaatcctg
tttgatggtyg gttaacggcyg ggatataacc aacgcgcage ccggactegyg taatatccca
ctaccgagat atccgcacca acgcgcagece cggactceggt aatggcegege attgegecca
gegecatetyg atcgttggea accagcatceg cagtgggaac gatgccectca ttcagcattt
gecatggtttyg ttgaaaaccyg gacatggcac tccagtegec tteccegttece getatcgget
gaatttgatt gcgagtgaga tatttatgcc agccagecag acgcagacgce gccgagacag
aacttaatgg gcccgctaac agcgcgattt getggtgace caatgcgacce agatgctcca
cgeccagteg cgtaccgtcet tcatgggaga aaataatact gttgatgggt gtctggtcag
agacatcaag aaataacgcc ggaacattag tgcaggcage ttccacagca atggcatcct

ggtcatccag cggatagtta atgatcagcece cactgacgeg ttgcgegaga agattgtgea

cegecgettt acaggetteg acgecgette gttctaccat cgacaccage ggecge

<210> SEQ ID NO 17

<211> LENGTH: 1016

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 17

geggeegece cactgacgeg ttgegegaga agattgtgeca cegecgettt acaggetteg

32

33

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1016

60
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-continued
acgcegette gttctaccat cgacaccacce acgetggcac ccagttgate ggcgegagat 120
ttaatcgceg cgacaatttg cgacggegeg tgcagggcca gactggaggt ggcaacgcca 180
atcagcaacg actgtttgcc cgccagttgt tgtgccacge ggttgggaat gtaattcage 240
tcegecateg cegettecac tttttececge gttttegeag aaacgtgget ggectggtte 300
accacgcggg aaacggtcetg ataagagaca ccggcatact ctgcgacatc gtataacgtt 360
actggtttca cattcaccac cctgaattga ctetetteeg ggegetatca tgccataccyg 420
cgaaaggttt tgcgecattc gatggtgtce gggatctega cgcetetcect tatgegacte 480
ctgcattagg aagcagccca gtagtaggtt gaggccegttyg agcaccgecyg ccgcaaggaa 540
tggtgcatge aaggagatgg cgcccaacag tcecccceggece acggggcectyg ccaccatace 600
cacgccgaaa caagcgctca tgagcccgaa gtggcgagece cgatcttece catcggtgat 660
gteggcegata taggcgccag caaccgcace tgtggegecg gtgatgecgg ccacgatgeg 720
tceggegtag aggatcgaga tctcgatcce gegaaattaa tacgactcac tataggggaa 780
ttgtgagcgg ataacaattc ccctctagaa ataattttgt ttaactttaa gaaggagata 840
tacatatgac catgattacg gattcactgg cecgtegtttt acaacgtegt gactgggaaa 900
accctggegt tacccaactt aatcgecttg cagcacatce cectttegec agetggegta 960
atagcgaaga ggcccgcacce gatcgecctt cccaacagtt gcgcagceccge ggccgce 1016
<210> SEQ ID NO 18
<211> LENGTH: 1016
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic construct
<400> SEQUENCE: 18
geggecgetyg cagcacatce ccctttegece agetggegta atagcgaaga ggeccgcacce 60
gatcgeccectt cccaacagtt gcgcagectg aatggcgaat ggegetttge ctggtttecg 120
gcaccagaag cggtgccgga aagctggetg gagtgcgatce ttectgagge cgatactgte 180
gtegtecect caaactggca gatgcacggt tacgatgcege ccatctacac caacgtgacce 240
tatceccatta cggtcaatce geegtttgtt cecacggaga atccgacggyg ttgttactceg 300
ctcacattta atgttgatga aagctggcta caggaaggcec agacgcgaat tatttttgat 360
ggcgttaact cggegtttca tcetgtggtge aacgggeget gggtceggtta cggecaggac 420
agtcgtttge cgtctgaatt tgacctgage geatttttac gegecggaga aaaccgecte 480
geggtgatgyg tgctgegetyg gagtgacgge agttatctgg aagatcagga tatgtggegyg 540
atgagcggca tttteegtga cgtctegttg ctgcataaac cgactacaca aatcagcgat 600
ttccatgttyg ccactegett taatgatgat ttcagccgeg ctgtactgga ggctgaagtt 660
cagatgtgeg gcgagttgceg tgactaccta cgggtaacag tttetttatg gcagggtgaa 720
acgcaggteg ccageggcac cgcgecttte ggeggtgaaa ttatcgatga gegtggtggt 780
tatgccgate gcegtcacact acgtctgaac gtcgaaaacce cgaaactgtyg gagcgccgaa 840
atcccgaate tctategtge ggtggttgaa ctgcacaceyg ccgacggcac gctgattgaa 900
gcagaagcect gegatgtcegg tttecgegag gtgcggattg aaaatggtet getgetgetg 960
aacggcaagc cgttgctgat tcgaggcgtt aaccgtcacg agcatcatge ggccgce 1016

<210> SEQ ID NO 19
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-continued
<211> LENGTH: 1016
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic construct
<400> SEQUENCE: 19
geggecgeayg gtgeggattg aaaatggtcet getgetgetg aacggcaage cgttgctgat 60
tcgaggegtt aaccgtcacg agcatcatcce tcetgcatggt caggtcatgg atgagcagac 120
gatggtgcag gatatcctge tgatgaagca gaacaacttt aacgcegtge getgttegea 180
ttatccgaac catccgetgt ggtacacget gtgcgaccege tacggectgt atgtggtgga 240
tgaagccaat attgaaaccc acggcatggt gccaatgaat cgtctgaccyg atgatccgeg 300
ctggctaceg gegatgageg aacgcgtaac gegaatggtyg cagegcgatce gtaatcacce 360
gagtgtgatc atctggtcge tggggaatga atcaggccac ggcgctaatc acgacgcget 420
gtatcgetgyg atcaaatctg tcgatcctte cecgcceggtyg cagtatgaag geggceggage 480
cgacaccacg gccaccgata ttatttgece gatgtacgeg cgegtggatyg aagaccagcce 540
ctteeecgget gtgecgaaat ggtccatcaa aaaatggett tegectacctyg gagagacgceg 600
ccegetgate ctttgegaat acgcccacge gatgggtaac agtcecttggeg gtttegetaa 660
atactggcag gcgtttegtce agtatcecceg tttacaggge ggcettegtet gggactgggt 720
ggatcagtcg ctgattaaat atgatgaaaa cggcaacccg tggtceggett acggeggtga 780
ttttggcgat acgccgaacg atcgccagtt ctgtatgaac ggtctggtet ttgecgaccyg 840
cacgccgeat ccagegetga cggaagcaaa acaccagcag cagtttttece agtteegttt 900
atccgggcaa accatcgaag tgaccagcga atacctgtte cgtcatageg ataacgagcet 960
cctgcactgg atggtggcge tggatggtaa gccgctggca agcecggtgage ggccgce 1016
<210> SEQ ID NO 20
<211> LENGTH: 1168
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic construct
<400> SEQUENCE: 20
geggecgega atacctgtte cgtcatageg ataacgaget cctgcactgg atggtggege 60
tggatggtaa gccgetggca agcggtgaag tgectcetgga tgtegctceca caaggtaaac 120
agttgattga actgcctgaa ctaccgecage cggagagege cgggcaactce tggctcacag 180
tacgcgtagt gcaaccgaac gcgaccgcat ggtcagaage cgggcacatc agcgectgge 240
agcagtggeg tctggeggaa aacctcagtg tgacgctecee cgecgegtece cacgecatce 300
cgcatectgac caccagcgaa atggattttt gecatcgaget gggtaataag cgttggcaat 360
ttaaccgcca gtcaggettt ctttcacaga tgtggattgg cgataaaaaa caactgctga 420
cgecgetgeg cgatcagttce acccegtgecac cgetggataa cgacattgge gtaagtgaag 480
cgaccegeat tgaccctaac gectgggteg aacgctggaa ggceggceggge cattaccagg 540
ccgaagcage gttgttgcag tgcacggcag atacacttge tgatgceggtyg ctgattacga 600
cegetecacge gtggcagcat caggggaaaa ccttatttat cagccggaaa acctaccgga 660
ttgatggtag tggtcaaatg gcgattaccg ttgatgttga agtggcgage gatacaccge 720
atccggegeg gattggectg aactgcecage tggegcaggt agcagagegyg gtaaactgge 780
tcggattagg gccgcaagaa aactatccceg accgecttac tgecgectgt tttgaccget 840
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gggatctgee attgtcagac atgtataccce cgtacgtcett ceccgagcgaa aacggtctge 900
gectgegggac gegegaattg aattatggcece cacaccagtg gegceggegac ttcecagttca 960
acatcagcceg ctacagtcaa cagcaactga tggaaaccag ccatcgccat ctgctgcacyg 1020
cggaagaagg cacatggctg aatatcgacg gtttccatat ggggattggt ggcgacgact 1080
cctggagecce gtcagtateg geggaattce agectgagege cggtcgctac cattaccagt 1140
tggtctggtyg tcaaaaatga gcggcecgce 1168
<210> SEQ ID NO 21
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic construct
<400> SEQUENCE: 21
aaaaccaccce tggcgcccaa tacg 24
<210> SEQ ID NO 22
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic construct
<400> SEQUENCE: 22
cceggacteg gtaatggege gcat 24
<210> SEQ ID NO 23
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic construct
<400> SEQUENCE: 23
ggaagcagcc cagtagtagg ttga 24
<210> SEQ ID NO 24
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic construct
<400> SEQUENCE: 24
ggtgctgege tggagtgacg gcag 24
<210> SEQ ID NO 25
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic construct
<400> SEQUENCE: 25
cggccaccga tattatttge ccga 24

<210> SEQ ID NO 26
<211> LENGTH: 24

<212> TYPE

: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Synthetic construct
<400> SEQUENCE: 26

gattagggce gcaagaaaac tatc

<210> SEQ ID NO 27

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (22)..(22)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 27

gcgaagaace tcttcccaag angg

<210> SEQ ID NO 28

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 28
atcttgtgga aaggacgaaa caccggcgaa gaacctette ccaagagttt tagagctaga

aatagcaagt t

<210> SEQ ID NO 29

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (26)..(46)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 29
atcttgtgga aaggacgaaa caccghnnnn nnnnnnnnnn nnnnnngttt tagagctaga

aatagcaagt t

<210> SEQ ID NO 30

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 30

cgccagggtt tteccagtea cgac

<210> SEQ ID NO 31

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 31

gccaagcettyg catgectgeca ggtcgac

24

24

60

71

60

71

24

27
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<210> SEQ ID NO 32

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 32

gcggtcccaa aagggtcagt gctgcaacat tttgctgecg gtcacggttc gaacgtacgg 60
acgtccaget g 71
<210> SEQ ID NO 33

<211> LENGTH: 1184

<212> TYPE: PRT

<213> ORGANISM: Methanocaldococcus vulcanius

<400> SEQUENCE: 33

Met Lys Glu Lys Ala Pro Lys Ile Asp Ala Leu Ile Asp Cys Thr Tyr
1 5 10 15

Lys Thr Glu Asp Asn Arg Ala Val Ile Tyr Leu Tyr Leu Leu Glu Asn
20 25 30

Ile Leu Lys Asp Arg Glu Phe Ser Pro Tyr Phe Tyr Val Glu Met Leu
35 40 45

Lys Asp Arg Ile Glu Lys Glu Asp Ile Asp Lys Ile Lys Glu Phe Leu
50 55 60

Leu Lys Glu Asp Leu Leu Lys Phe Val Glu Asn Leu Glu Val Val Asn
65 70 75 80

Lys Thr Ile Leu Lys Lys Glu Lys Glu Ile Val Lys Ile Ile Ala Thr
85 90 95

His Pro Gln Arg Val Pro Lys Leu Arg Lys Ile Lys Glu Cys Asp Ile
100 105 110

Val Lys Glu Ile Tyr Glu His Asp Ile Pro Phe Ala Lys Arg Tyr Leu
115 120 125

Ile Asp Ser Asp Ile Val Pro Met Thr Tyr Trp Asp Phe Glu Asn Arg
130 135 140

Lys Gln Val Ser Ile Glu Ile Pro Lys Leu Lys Thr Val Ser Phe Asp
145 150 155 160

Met Glu Val Tyr Asn Arg Asp Thr Glu Pro Asp Pro Glu Lys Asp Pro
165 170 175

Ile Leu Met Ala Ser Phe Trp Asp Asp Asn Gly Gly Lys Val Ile Thr
180 185 190

Tyr Lys His Phe Asp His Ser Asn Ile Glu Val Val Asn Ser Glu Lys
195 200 205

Asp Leu Ile Lys Lys Ile Val Glu Met Leu Arg Gln Tyr Asp Val Ile
210 215 220

Phe Thr Tyr Asn Gly Asp Asn Phe Asp Phe Pro Tyr Leu Lys Ala Arg
225 230 235 240

Ala Lys Ile Tyr Gly Ile Asp Ile Lys Leu Gly Arg Asp Gly Glu Glu
245 250 255

Leu Lys Ile Lys Arg Gly Gly Met Glu Phe Arg Ser Tyr Ile Pro Gly
260 265 270

Arg Val His Ile Asp Leu Tyr Pro Ile Ser Arg Arg Leu Leu Lys Leu
275 280 285

Thr Lys Tyr Thr Leu Glu Asp Val Val Tyr Asn Leu Phe Gly Ile Glu
290 295 300

Lys Leu Lys Ile Pro His Thr Lys Ile Val Asp Tyr Trp Ala Asn Asn
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305

Asp

Lys

Pro
385
Tyr

Ile

Tyr
Tyr
465

Pro

Ile

Phe

Ile

545

Glu

Asn

Ile

Asn

Phe

625

Tyr

Gly

Asn

Glu

Pro
705

Lys

Lys

Ile

Asn

Glu

370

Asn

Glu

Ile

Lys

Val

450

Pro

Asn

Ile

Leu

Lys

530

Ala

Lys

Ile

Asp

Glu

610

Lys

Val

Ile

Ile

Lys
690

Lys

Met

Ile

Gly

Gln

355

Tyr

Lys

Gly

Ser

Asn

435

Leu

Tyr

His

Asp

Lys

515

Lys

Tyr

Glu

Leu

Gly

595

Glu

Glu

Tyr

Leu

Ser
675
Ile

Thr

Lys

Leu

Lys

340

Thr

Leu

Pro

Gly

Met

420

Asn

Gly

Asn

Lys

Val

500

Ile

Asp

Ile

Asp

Tyr

580

Leu

Lys

Leu

Asp

Thr

660

Pro

Leu

Leu

Lys

Ile

325

Tyr

Pro

Leu

Asp

Tyr

405

Asp

Gly

Ile

Gly

Ile

485

Ser

Lys

Thr

Asp

Ile

565

Lys

Leu

Ile

Glu

Leu

645

His

Glu

Gly

Arg

Met
725

310

Glu

Phe

Phe

Met

Glu

390

Val

Phe

Leu

Asp

Phe

470

Pro

Ser

Asn

Lys

Pro

550

Phe

Gln

Lys

Lys

Asp

630

Thr

Asn

Thr

His

Gly

710

Glu

Tyr

Phe

Glu

Lys

375

Lys

Lys

Arg

Thr

Gly

455

Leu

Val

Ile

Phe

Ile

535

Arg

Lys

Val

Tyr

Glu

615

Ile

Leu

Ser

Leu

Trp
695

Leu

Ser

Ser

Pro

Ile

360

Asn

Glu

Glu

Cys

Asp

440

Trp

Val

Ile

Tyr

Glu

520

Lys

Glu

Thr

Asp

Ile

600

Ile

Lys

Glu

Leu

Asp

680

Phe

Ile

Glu

Leu

Leu

345

Thr

Ala

Tyr

Pro

His

425

Ile

Gln

Asn

Lys

Leu

505

Ser

Lys

Gly

Val

Glu

585

Val

Ile

Ile

Gly

Tyr

665

Cys

Cys

Glu

Lys

Gln

330

Glu

Arg

Phe

Arg

Glu

410

Pro

Glu

Lys

Val

Lys

490

Leu

Ile

Val

Leu

Ile

570

Lys

Thr

Lys

Ser

Arg

650

Pro

Glu

Lys

Arg

Glu
730

315

Asp

Val

Met

Lys

Lys

395

Lys

Arg

Asn

Val

Asn

475

Glu

Asn

Gly

Lys

Val

555

Pro

Thr

Ile

Glu

Ile

635

Pro

Ser

Cys

Lys

Arg

715

Ile

Ala

Met

Ser

Glu

380

Arg

Gly

Gly

Val

Lys

460

Gly

Asn

Leu

Met

Gly

540

Ile

Ile

Ile

Gly

Lys

620

Glu

Tyr

Ile

Cys

Arg

700

Ile

Asn

Lys

Phe

Ser

365

Asn

Leu

Met

Thr

Lys

445

Arg

Leu

Gly

Lys

Phe

525

Leu

Lys

Leu

Ile

Phe

605

Ser

Glu

Tyr

Ile

Lys
685
Glu

Asn

Glu

Tyr

Ser

350

Gly

Met

Leu

Phe

Lys

430

Val

Val

Lys

Lys

Gly

510

Gly

Leu

Val

Lys

Ile

590

Asn

Phe

Tyr

Phe

Ile

670

Asp

Gly

Ile

Glu

Thr

335

Arg

Gln

Ile

Thr

Glu

415

Val

Gly

Trp

Ser

Asp

495

Cys

Lys

Glu

Lys

Glu

575

Asp

Asp

Leu

Glu

Ala

655

Ala

Ile

Leu

Lys

Tyr
735

320

His

Ile

Met

Val

Ser

400

Asp

Ile

Asp

Lys

Thr

480

Arg

Lys

Ile

Lys

Asn

560

Leu

Ser

Lys

Glu

Gly

640

Asn

Tyr

Ser

Ile

Asn
720

Asn
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Leu Leu Asp Tyr Glu Gln Arg Ser Leu Lys Ile Leu Ala Asn Ser Val
740 745 750

Tyr Gly Tyr Leu Ala Phe Pro Arg Ala Arg Phe Tyr Ser Arg Glu Cys
755 760 765

Ala Glu Val Ile Thr Tyr Leu Gly Arg Lys Tyr Ile Leu Glu Thr Ile
770 775 780

Glu Glu Ala Glu Lys Phe Gly Phe Lys Val Ile Tyr Ala Asp Ser Val
785 790 795 800

Val Lys Asp Ala Lys Val Ile Ile Lys Glu Asp Gly Lys Ile Lys Glu
805 810 815

Ile Lys Ile Glu Asp Leu Phe Lys Lys Val Asp Tyr Thr Ile Gly Asp
820 825 830

Lys Glu Tyr Cys Ile Leu Asn Asn Val Glu Thr Leu Thr Ile Glu Asp
835 840 845

Thr Lys Leu Val Trp Arg Lys Val Pro Tyr Ile Met Arg His Arg Thr
850 855 860

Asn Lys Lys Ile Tyr Arg Val Lys Val Lys Asp Arg Tyr Val Asp Ile
865 870 875 880

Thr Glu Asp His Ser Ile Ile Gly Val Lys Asn Asn Lys Leu Val Glu
885 890 895

Leu Lys Pro Thr Glu Ile Lys Asp Asp Glu Thr Lys Leu Ile Ile Leu
900 905 910

Asn Lys Asp Leu Lys Ser Tyr Asn Phe Ala Ser Val Glu Glu Ile Asn
915 920 925

Cys Ile Lys Tyr Ser Asp Tyr Val Tyr Asp Ile Glu Val Glu Asn Thr
930 935 940

His Arg Phe Phe Ala Asn Gly Ile Leu Val His Asn Thr Asp Gly Phe
945 950 955 960

Tyr Ala Val Trp Lys Glu Lys Ile Ser Lys Asp Asp Leu Ile Lys Lys
965 970 975

Ala Leu Glu Phe Val Lys Tyr Ile Asn Ser Lys Leu Pro Gly Thr Met
980 985 990

Glu Leu Glu Phe Glu Gly Tyr Phe Lys Arg Gly Ile Phe 1Ile Thr Lys
995 1000 1005

Lys Arg Tyr Ala Leu Ile Asp Glu Asn Gly Arg Val 1Ile Val Lys
1010 1015 1020

Gly Leu Glu Phe Val Arg Arg Asp Trp Ser Asn Leu Ala Arg Ile
1025 1030 1035

Thr Gln Arg Arg Val Leu Glu Ala Leu Leu Leu Glu Gly Asp Ile
1040 1045 1050

Asn Lys Ala Lys Lys Ala Ile Gln Asp Val Ile Lys Asp Leu Arg
1055 1060 1065

Glu Lys Lys Ile Lys Lys Glu Asp Leu Ile Ile Tyr Thr Gln Leu
1070 1075 1080

Thr Lys Asn Pro Asn Glu Tyr Lys Thr Thr Ala Pro His Val Glu
1085 1090 1095

Ile Ala Lys Lys Met Met Arg Glu Gly Lys Lys Ile Lys Ile Gly
1100 1105 1110

Asp Val 1Ile Gly Tyr Ile Ile Val Lys Gly Ser Lys Ser Ile Ser
1115 1120 1125

Glu Arg Ala Lys Leu Pro Glu Glu Val Ser Ile Glu Glu Ile Asp
1130 1135 1140
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Val Asn Tyr Tyr Ile Asp Asn Gln Ile Leu Pro Pro Val Leu Arg
1145 1150 1155

Ile Met Glu Ala Val Gly Val Ser Lys Asn Glu Leu Lys Lys Glu
1160 1165 1170

Gly Thr Gln Leu Thr Leu Asp Arg Phe Leu Lys
1175 1180

<210> SEQ ID NO 34

<211> LENGTH: 781

<212> TYPE: PRT

<213> ORGANISM: Archaeoglobus fulgidus

<400> SEQUENCE: 34

Met Glu Arg Val Glu Gly Trp Leu Ile Asp Ala Asp Tyr Glu Thr Ile
1 5 10 15

Gly Gly Lys Ala Val Val Arg Leu Trp Cys Lys Asp Asp Gln Gly Ile
20 25 30

Phe Val Ala Tyr Asp Tyr Asn Phe Asp Pro Tyr Phe Tyr Val Ile Gly
Val Asp Glu Asp Ile Leu Lys Asn Ala Ala Thr Ser Thr Arg Arg Glu
50 55 60

Val Ile Lys Leu Lys Ser Phe Glu Lys Ala Gln Leu Lys Thr Leu Gly
65 70 75 80

Arg Glu Val Glu Gly Tyr Ile Val Tyr Ala His His Pro Gln His Val
85 90 95

Pro Lys Leu Arg Asp Tyr Leu Ser Gln Phe Gly Asp Val Arg Glu Ala
100 105 110

Asp Ile Pro Phe Ala Tyr Arg Tyr Leu Ile Asp Lys Asp Leu Ala Cys
115 120 125

Met Asp Gly Ile Ala Ile Glu Gly Glu Lys Gln Gly Gly Val Ile Arg
130 135 140

Ser Tyr Lys Ile Glu Lys Val Glu Arg Ile Pro Arg Met Glu Phe Pro
145 150 155 160

Glu Leu Lys Met Leu Val Phe Asp Cys Glu Met Leu Ser Ser Phe Gly
165 170 175

Met Pro Glu Pro Glu Lys Asp Pro Ile Ile Val Ile Ser Val Lys Thr
180 185 190

Asn Asp Asp Asp Glu Ile Ile Leu Thr Gly Asp Glu Arg Lys Ile Ile
195 200 205

Ser Asp Phe Val Lys Leu Ile Lys Ser Tyr Asp Pro Asp Ile Ile Val
210 215 220

Gly Tyr Asn Gln Asp Ala Phe Asp Trp Pro Tyr Leu Arg Lys Arg Ala
225 230 235 240

Glu Arg Trp Asn Ile Pro Leu Asp Val Gly Arg Asp Gly Ser Asn Val
245 250 255

Val Phe Arg Gly Gly Arg Pro Lys Ile Thr Gly Arg Leu Asn Val Asp
260 265 270

Leu Tyr Asp Ile Ala Met Arg Ile Ser Asp Ile Lys Ile Lys Lys Leu
275 280 285

Glu Asn Val Ala Glu Phe Leu Gly Thr Lys Ile Glu Ile Ala Asp Ile
290 295 300

Glu Ala Lys Asp Ile Tyr Arg Tyr Trp Ser Arg Gly Glu Lys Glu Lys
305 310 315 320

Val Leu Asn Tyr Ala Arg Gln Asp Ala Ile Asn Thr Tyr Leu Ile Ala
325 330 335
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Lys

Pro

Leu

Pro

385

Arg

Pro

Arg

Ser

Arg

465

Glu

Asn

Thr

Asp

545

Glu

Tyr

Leu

Glu

Glu

Gly

Gly

705

Asp

Ile

Glu

Val

Leu

370

Glu

Gly

Ser

Asp

Pro

450

Arg

Tyr

Ser

Pro

Ser

530

Thr

Asp

Val

Ala

Arg

610

Ile

Val

Glu

Ser

Ile
690
Ser

Phe

Lys

Leu

Asp

355

Leu

His

Leu

Ile

Asp

435

Asp

Glu

Lys

Phe

Cys

515

Ala

Asp

Arg

Asp

Gly

595

Arg

Glu

Lys

Val

Met

675

Ile

Gly

Asp

Lys

Leu

340

Asp

Ser

Ala

His

Met

420

Cys

Gly

Leu

Leu

Tyr

500

Ala

Lys

Ser

Leu

Glu

580

Leu

Gly

Val

Asp

Val

660

Gln

Tyr

Asn

Gly

Leu
740

Pro

Val

Glu

Glu

Glu

405

Ile

Tyr

Phe

Lys

Leu

485

Gly

Glu

Ile

Ile

Ile

565

Tyr

Thr

Asp

Ile

Val

645

Ile

Ala

Pro

Ile

Glu

725

Asp

Met

Thr

Ala

Ser

390

Asn

Ala

Glu

Phe

Val

470

Asp

Tyr

Ala

Ala

Phe

550

Asp

Tyr

Glu

Trp

Leu

630

Ile

Tyr

His

Val

Gly
710

Asn

Lys

His

Arg

Lys

375

Tyr

Val

Phe

Ala

Lys

455

Glu

Ile

Met

Thr

Glu

535

Val

Lys

Ser

Asp

Cys

615

Lys

Leu

Lys

Val

Ser

695

Asp

Leu

Asp

Tyr

Met

360

Lys

Glu

Ala

Asn

Pro

440

Arg

Leu

Lys

Gly

Thr

520

Ser

Thr

Leu

Ala

Gly

600

Glu

Glu

Arg

Gly

Lys

680

Ser

Arg

Arg

Tyr

Glu

345

Gly

Ile

Gly

Cys

Ile

425

Glu

Ile

Lys

Gln

Trp

505

Ala

Met

Lys

His

Ile

585

Arg

Leu

Lys

Ile

Leu

665

Ala

Lys

Ala

Ile

Tyr
745

Leu

Arg

Gly

Ala

Leu

410

Ser

Val

Leu

Asn

Gln

490

Asn

Trp

Gly

Ala

Glu

570

Phe

Leu

Ala

Asn

Lys

650

Thr

Ala

Ile

Tyr

Lys

730

Ile

Ser

Gly

Glu

Phe

395

Asp

Pro

Gly

Arg

Leu

475

Thr

Leu

Gly

Phe

Gly

555

Glu

Phe

Val

Lys

Pro

635

Glu

Lys

Leu

Gly

Pro
715

Thr

Asp

Lys

Lys

Ile

380

Val

Phe

Asp

His

Met

460

Ser

Leu

Ala

Arg

Lys

540

Met

Leu

Val

Val

Lys

620

Glu

Gly

Lys

Lys

Tyr

700

Ile

Lys

Asn

Met

Gln

365

Ala

Leu

Ala

Thr

Lys

445

Leu

Pro

Lys

Arg

His

525

Val

Thr

Pro

Glu

Lys

605

Val

Lys

Lys

Pro

Ala

685

Val

Asp

Ser

Gln

Ile

350

Val

Pro

Glu

Ser

Tyr

430

Phe

Ile

Glu

Val

Trp

510

Phe

Leu

Lys

Ile

Lys

590

Gly

Gln

Ala

Val

Ser

670

Arg

Ile

Leu

Gly

Ile
750

Arg

Asp

Asn

Pro

Met

415

Gly

Arg

Glu

Ser

Leu

495

Tyr

Ile

Tyr

Glu

Gln

575

Lys

Leu

Arg

Leu

Ser

655

Lys

Glu

Val

Ile

Ile
735

Ile

Leu

Trp

Pro

Glu

400

Tyr

Cys

Lys

Lys

Ser

480

Thr

Cys

Arg

Gly

Asp

560

Ile

Arg

Glu

Glu

Ser

640

Leu

Tyr

Met

Lys

Glu
720

Glu

Pro
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-continued

82

Ser Val Leu Arg Ile Leu Glu Arg Phe Gly Tyr Thr Glu Ala Ser Leu

755 760

Lys Gly Ser Ser Gln Met Ser Leu Asp Ser
770 775

<210> SEQ ID NO 35

<211> LENGTH: 783

<212> TYPE: PRT

<213> ORGANISM: Archaeoglobus profundus

<400> SEQUENCE: 35

Met Ile Lys Ala Trp Leu Leu Asp Val Asp
1 5 10

Arg Ala Val Ile Arg Leu Trp Cys Lys Asp
20 25

Ala Tyr Asp Arg Asn Phe Leu Pro Tyr Phe
35 40

Ala Glu Asp Val Met Lys Val Lys Val Arg
50 55

Thr Pro Leu Lys Val Glu Glu Ile Glu Ala
65 70

Ile Lys Ala Leu Lys Val Tyr Thr Arg His
85 90

Leu Arg Glu Glu Ile Lys Lys Phe Ala Glu
100 105

Pro Phe Ala Tyr Arg Tyr Leu Ile Asp Lys
115 120

Gly Ile Glu Ile Glu Pro Ile Ala Val Lys
130 135

Tyr Glu Val Arg Ser Val Arg Arg Val Glu
145 150

Leu Lys Ile Leu Ala Phe Asp Cys Glu Met
165 170

Asp Pro Glu Lys Asp Pro Ile Ile Ala Ile
180 185

Phe Glu Glu Val Leu His Gly Asp Glu Arg
195 200

Val Ser Ile Ile Lys Glu Gln Asp Pro Asp
210 215

Gln Asp Asn Phe Asp Trp Pro Tyr Val Lys
225 230

Gly Ile Arg Leu Asp Ile Gly Arg Asp Arg
245 250

Gly Gly Arg Pro Lys Ile Ala Gly Arg Leu
260 265

Ile Ala Leu Lys Ile Pro Asp Val Lys Ile
275 280

Ala Glu Phe Leu Gly Ala Lys Val Glu Glu
290 295

Asp Ile Tyr Lys Cys Trp Met Arg Gly Glu
305 310

His Val Leu Asn Asp Val Leu Thr Thr Tyr
325 330

Leu Pro Met His Tyr Glu Leu Ser Arg Met
340 345

765

Phe Phe Ser

Tyr

Asp

Tyr

Thr

Lys

75

Pro

Val

Asp

Glu

Lys

155

Leu

Ala

Asp

Ile

Lys

235

Ser

Asn

Lys

Glu

Lys
315

Arg

Ile

780

Val

Lys

Val

Asn

60

Ser

Gln

Arg

Leu

Gly

140

Lys

Ala

Val

Ile

Ile

220

Arg

Glu

Val

Thr

Asp
300
Glu

Leu

Arg

Thr

Gly

Ile

45

Glu

Leu

His

Glu

Ala

125

Val

Gly

Gln

Lys

Leu

205

Val

Ala

Ile

Asp

Leu

285

Ile

Lys

Ala

Leu

Glu

Val

30

Gly

Gly

Gly

Val

Ala

110

Cys

Leu

Phe

Phe

Cys

190

Arg

Gly

Glu

Ser

Leu

270

Lys

Glu

Val

Leu

Pro
350

Asn

15

Phe

Cys

Ile

Lys

Pro

95

Asp

Met

Arg

Pro

Met

175

Gly

Arg

Tyr

Lys

Phe

255

Tyr

Lys

Gly

Phe

Glu
335

Leu

Asp

Val

Lys

Ile

Pro

80

Lys

Ile

Asp

Ala

Asp

160

Pro

Asp

Phe

Asn

Phe

240

Arg

Asp

Val

Arg

Lys

320

Leu

Asp
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84

Asp

Ser

Glu

385

Met

Glu

Pro

Arg

465

Tyr

Ser

Glu

Ala

Thr

545

Glu

Ile

Lys

Gly

Gln

625

Ala

Phe

Asp

Met

Ile
705
Leu

Gly

Ile

Val

Glu

370

Glu

Glu

Ile

Asp

Asp

450

Glu

Lys

Phe

Cys

Val

530

Asp

Lys

Gln

Lys

Leu

610

Arg

Leu

Lys

Lys

Glu

690

Val

Ile

Ile

Ile

Ala

355

Ala

Ser

Asn

Asn

Cys

435

Gly

Met

Leu

Tyr

Ala

515

Lys

Ser

Glu

Leu

Arg

595

Glu

Glu

Lys

Leu

Tyr

675

Met

Lys

Glu

Met

Pro
755

Arg

Lys

Tyr

Val

Phe

420

Tyr

Phe

Lys

Leu

Gly

500

Glu

Ile

Leu

Cys

Glu

580

Tyr

Val

Val

Phe

Glu

660

Glu

Gly

Gly

Glu

Val
740

Ala

Leu

Lys

Glu

Ala

405

Asn

Val

Phe

Arg

Asp

485

Tyr

Ala

Ala

Phe

Leu

565

Ile

Ala

Arg

Ile

Val

645

Asp

Ser

Ile

Gly

Phe

725

Lys

Val

Gly

Ile

Gly

390

Cys

Ile

Ala

Lys

Gln

470

Ile

Thr

Thr

Glu

Ile

550

Lys

Asp

Gly

Arg

Glu

630

Lys

Tyr

Lys

Tyr

Gly

710

Asp

Lys

Met

Arg

Asn

375

Ala

Leu

Ser

Pro

Arg

455

Met

Lys

Gly

Thr

Ser

535

Lys

Leu

Glu

Leu

Gly

615

Ile

Asn

Val

Gln

Tyr

695

Ser

Gly

Ile

Arg

Gly

360

Glu

Phe

Asp

Pro

Glu

440

Ile

Lys

Gln

Trp

Ala

520

Met

Lys

Ile

Phe

Thr

600

Asp

Ile

Val

Ile

Ala

680

Pro

Ile

Glu

Asp

Ile
760

Lys

Ile

Val

Phe

Asp

425

Val

Leu

Glu

Gln

Asn

505

Trp

Gly

Asn

Asp

Tyr

585

Asp

Trp

Leu

Ile

Tyr

665

His

Ile

Ser

Asn

Lys
745

Leu

Gln

Ala

Leu

Ala

410

Thr

Gly

Lys

Leu

Thr

490

Leu

Gly

Phe

Lys

Val

570

Lys

Asp

Cys

Arg

Glu

650

Lys

Val

Gly

Asp

Leu
730

Asp

Glu

Val

Pro

Glu

395

Ser

Leu

His

Met

Asp

475

Leu

Ala

Arg

Glu

Leu

555

Ile

Ala

Asp

Glu

Glu

635

Glu

Gly

Lys

Thr

Arg
715
Lys

Tyr

Arg

Asp

Asn

380

Pro

Met

Val

Lys

Leu

460

Pro

Lys

Arg

Tyr

Val

540

Asn

Ser

Ile

Arg

Leu

620

Arg

Ile

Leu

Ala

Lys

700

Ala

Ile

Tyr

Phe

Tyr

365

Pro

Ala

Tyr

Lys

Phe

445

Ile

Asp

Val

Trp

Phe

525

Leu

Leu

Lys

Phe

Ile

605

Ala

Asn

Lys

Thr

Ala

685

Val

Tyr

Arg

Ile

Gly
765

Phe

Pro

Arg

Pro

Gly

430

Arg

Glu

Ser

Leu

Tyr

510

Ile

Tyr

Lys

Glu

Phe

590

Val

Lys

Pro

Glu

Lys

670

Leu

Gly

Pro

Thr

Asp
750

Tyr

Leu

Glu

Gly

Ser

415

Glu

Lys

Lys

Glu

Thr

495

Cys

Lys

Gly

Asp

Leu

575

Val

Val

Arg

Asp

Gly

655

Lys

Arg

Phe

Ile

Pro
735

His

Thr

Leu

Ile

Leu

400

Ile

Cys

Ser

Arg

Asp

480

Asn

Arg

Arg

Asp

Leu

560

Pro

Glu

Lys

Val

Lys

640

Lys

Pro

Ala

Val

Glu

720

Ser

Gln

Glu



US 9,447,445 B2
85

-continued

Ala Ser Leu Lys Thr Thr Ile Gln Lys Thr Leu Phe Asp Phe Thr
770 775 780

<210> SEQ ID NO 36

<211> LENGTH: 849

<212> TYPE: PRT

<213> ORGANISM: Caldicellulosiruptor hydrothermalis

<400> SEQUENCE: 36

Met Lys Leu Val Ile Phe Asp Gly Asn Ser Ile Leu Tyr Arg Ala Phe
1 5 10 15

Phe Ala Leu Pro Glu Leu Thr Thr Ser Ser Asn Ile Pro Thr Asn Ala
20 25 30

Ile Tyr Gly Phe Ile Asn Val Ile Leu Lys Tyr Leu Glu Gln Glu Lys
35 40 45

Pro Asp Tyr Ile Ala Val Ala Phe Asp Lys Arg Gly Arg Glu Ala Arg
50 55 60

Lys Ser Glu Tyr Gln Glu Tyr Lys Ala Asn Arg Lys Pro Met Pro Asp
65 70 75 80

Asn Leu Gln Val Gln Ile Pro Tyr Val Arg Glu Ile Leu Tyr Ala Leu
85 90 95

Asn Ile Pro Ile Val Glu Phe Glu Gly Tyr Glu Ala Asp Asp Val Ile
100 105 110

Gly Ser Leu Val Asn Lys Phe Lys Asn Thr Gly Leu Asp Ile Val Ile
115 120 125

Ile Thr Gly Asp Arg Asp Thr Leu Gln Leu Leu Asp Lys Asn Val Val
130 135 140

Val Lys Ile Val Ser Thr Lys Phe Asp Arg Thr Met Glu Asp Leu Tyr
145 150 155 160

Thr Ile Glu Asn Ile Lys Glu Lys Tyr Gly Val Trp Ala Asn Gln Val
165 170 175

Pro Asp Tyr Lys Ala Leu Val Gly Asp Gln Ser Asp Asn Ile Pro Gly
180 185 190

Val Lys Gly Ile Gly Glu Lys Ser Ala Gln Lys Leu Leu Glu Glu Tyr
195 200 205

Ser Ser Leu Glu Glu Ile Tyr Gln Asn Leu Asp Lys Ile Lys Gly Ser
210 215 220

Ile Arg Glu Lys Leu Glu Ala Gly Lys Asp Met Ala Phe Leu Ser Lys
225 230 235 240

Arg Leu Ala Thr Ile Val Cys Asp Leu Pro Leu Asn Val Asn Leu Glu
245 250 255

Asp Leu Arg Thr Lys Glu Trp Asn Lys Glu Arg Leu Tyr Glu Ile Leu
260 265 270

Val Gln Leu Glu Phe Lys Ser Ile Ile Lys Arg Leu Gly Leu Ser Glu
275 280 285

Asn Ile Gln Phe Glu Phe Val Gln Gln Arg Thr Asp Ile Pro Asp Val
290 295 300

Glu Gln Arg Glu Leu Glu Ser Ile Ser Arg Ile Arg Ser Lys Glu Ile
305 310 315 320

Pro Leu Met Phe Val Gln Asp Glu Lys Cys Phe Tyr Leu Tyr Asp Gln
325 330 335

Glu Ser Asn Thr Val Phe Val Thr Arg Asp Arg His Leu Val Glu Glu
340 345 350

Ile Leu Lys Ser Asp Thr Val Lys Ile Val Tyr Asp Leu Lys Asn Ile
355 360 365
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88

Phe
Asp
385

Glu

Trp

Tyr

Lys

465

Glu

Ala

Leu

Tyr

545

Tyr

Ser

Leu

Ala

625

Asp

Gln

Glu

Ile

Ala

705

Glu

Leu

Asn

Ile

His

370

Val

Leu

Lys

Asp

Glu

450

Thr

Ile

Gly

Phe

Ser

530

Pro

Cys

Thr

Asp

Ile

610

Asp

Glu

Thr

Met

Ser

690

Ala

Tyr

Thr

Arg

Gln
770

Gln

Met

Glu

Lys

Asp

435

Asn

Gly

Glu

Glu

Glu

515

Thr

Leu

Gln

Thr

Pro

595

Arg

Tyr

Arg

Ala

Arg

675

Asp

Glu

Leu

Leu

Asn

755

Gly

Leu

Ile

Thr

Asp

420

Leu

Ile

Phe

Asn

Trp

500

Lys

Asp

Ile

Gly

Phe

580

Asn

Lys

Ser

Leu

Ala

660

Ser

Tyr

Phe

Asp

Phe
740

Ala

Ser

Asn

Ala

Leu

405

Lys

Leu

Glu

Lys

Lys

485

Phe

Leu

Ala

Leu

Leu

565

Ile

Leu

Val

Gln

Ile

645

Glu

Gln

Gly

Ile

Asn
725
Asn

Arg

Ala

Leu

Ser

390

Phe

Lys

Arg

Arg

Val

470

Ile

Asn

Lys

Glu

Asp

550

Leu

Gln

Gln

Phe

Ile

630

Asn

Val

Ala

Leu

Asn

710

Ile

Arg

Ser

Ala

Glu

375

Tyr

Val

Met

Leu

Pro

455

Asp

Leu

Ile

Leu

Val

535

Tyr

Gln

Thr

Asn

Val

615

Glu

Ala

Phe

Lys

Ala

695

Lys

Val

Lys

Tyr

Asp
775

Asp

Val

Ser

Val

Ile

440

Leu

Arg

Lys

Asn

Pro

520

Leu

Arg

Ala

Gly

Ile

600

Pro

Leu

Phe

Gly

Ala

680

Arg

Tyr

Arg

Arg

Ala
760

Ile

Thr

Leu

Tyr

Ser

425

Asp

Ile

Asp

Leu

Ser

505

Val

Glu

Met

Ile

Thr

585

Pro

Glu

Arg

Lys

Val

665

Val

Asp

Phe

Phe

Tyr
745

Glu

Met

Asp

Asp

Leu

410

Val

Leu

Pro

Ala

Glu

490

Pro

Ile

Glu

Tyr

Asn

570

Ala

Val

Glu

Ile

Asn

650

Asp

Asn

Ile

Glu

Ala

730

Val

Arg

Lys

Asn

Ser

395

Asn

Val

Asn

Val

Leu

475

Thr

Lys

Lys

Phe

Thr

555

Pro

Thr

Lys

Gly

Leu

635

Asn

Ile

Phe

Lys

Arg

715

Arg

Lys

Ile

Leu

Ile

380

Thr

Thr

Leu

Ser

Leu

460

Leu

Gln

Gln

Lys

Asp

540

Lys

Ser

Gly

Tyr

His

620

Ala

Ile

Ala

Gly

Ile

700

Tyr

Glu

Asp

Ala

Ala
780

Lys

Arg

Asp

Leu

Cys

445

Tyr

Gln

Ile

Leu

Thr

525

Lys

Ile

Ser

Arg

Asp

605

Val

His

Asp

Asp

Ile

685

Ser

Pro

Asn

Ile

Met

765

Met

Asn

Ser

Ile

Lys

430

Gln

Glu

Tyr

Tyr

Ser

510

Lys

His

Leu

Gly

Leu

590

Glu

Leu

Ile

Ile

Val

670

Val

Arg

Lys

Gly

Lys

750

Asn

Ile

Cys

Ser

Glu

415

Arg

Phe

Met

Thr

Gln

495

Tyr

Thr

Glu

Thr

Arg

575

Ala

Gly

Ile

Ser

His

655

Thr

Tyr

Lys

Val

Tyr
735
Ser

Ser

Lys

Glu

Tyr

400

Ala

Leu

Leu

Glu

Lys

480

Ile

Ile

Gly

Ile

Thr

560

Val

Ser

Lys

Asp

Glu

640

Ser

Pro

Gly

Glu

Lys

720

Val

Ala

Pro

Val
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Tyr
785

Lys

Gln

His

Lys

Pro

Lys

Asp

Arg

Leu
835

Leu

Glu

Ile

820

Val

Lys
Leu
805

Val

Val

<210> SEQ ID NO 37

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Desulfurococcus

PRT

<400> SEQUENCE:

Met Glu Lys Arg

1

Asn

Glu

Asn

65

Ile

Leu

Ala

Pro

Gly

145

Asp

Ile

Asp

Ile

225

Phe

Leu

Glu

Ser

Val

Glu

50

Val

Lys

Arg

Asp

Gly

130

Gly

Leu

Tyr

Ile

Asn

210

Lys

Asp

Gln

Trp

Asp
290

Pro

Ile

35

Gly

Ile

Val

Asp

Ile

115

Trp

Val

Gly

Asn

Ala

195

Tyr

Glu

Met

Leu

Ser
275

Met

Glu

20

Leu

Phe

Lys

Val

Arg

100

Arg

Leu

Ser

Ile

Pro

180

Leu

Lys

Trp

Pro

Ser
260

Ile

Thr

781

37

Val

Ile

Asp

Glu

Ala

Lys

85

Val

Phe

Met

Asn

Met

165

Arg

Ala

His

Asp

Tyr

245

Lys

Ile

Asp

Glu
790
Leu

Lys

Glu

Tyr

Arg

Arg

Asp

Asp

Val

Lys

Tyr

Phe

Val

150

Pro

Gly

Asn

Glu

Pro

230

Leu

Tyr

Gly

Val

Asn

Ile

Arg

Val

Leu

Met

Gly

Gln

55

Val

Thr

Ser

Ile

Ser

135

Tyr

Arg

Thr

Ser

Arg

215

Asp

Val

Gly

Arg

Lys
295

Asn

Glu

Glu

Lys
840

Val

Phe

Phe

40

Val

Thr

Val

Ile

Arg

120

Asn

Leu

Leu

Pro

Asn

200

Glu

Val

Asn

Thr

Ala

280

Arg

Leu

Ala

Met

825

Glu

Lys
Pro
810

Glu

Gly

mucosus

Asp

Gly

25

Arg

Ala

Glu

Thr

Gln

105

Tyr

Leu

Thr

Asn

Asp

185

Gly

Met

Leu

Arg

Pro

265

His

Lys

Ile

10

Val

Pro

Arg

Arg

Val

90

His

Met

Lys

Glu

Tyr

170

Pro

Asp

Leu

Phe

Ala

250

Pro

Ile

Ser

Ser
795
Tyr

Asn

Leu

Thr

Asp

Tyr

Val

Arg

Pro

Val

Ile

Pro

Thr

155

Met

Lys

Val

Asn

Gly

235

Asp

Glu

Asp

Leu

Lys

Glu

Ala

Asn

Tyr

Glu

Phe

Ile

60

Leu

Asp

Lys

Asp

Val

140

Pro

Ala

Arg

Lys

Asp

220

Tyr

Ala

Gln

Leu

Asp
300

Ile

Glu

Val

Trp
845

Gly

Asn

Tyr

45

Gly

Phe

Lys

Glu

Asn

125

Asp

Pro

Leu

Asp

Leu

205

Met

Asn

Leu

Ser

Tyr

285

Tyr

Ile

Lys

Ala

830

Tyr

Leu

Gly

30

Val

Lys

Gly

Val

Val

110

Asp

Asn

Thr

Asp

Pro

190

Leu

Met

Ser

Asn

Val

270

Asn

Val

Leu
Asp
815

Leu

Glu

Val

15

Glu

Ile

Met

Lys

Arg

95

Leu

Ile

Lys

Ser

Ile

175

Ile

Thr

Ser

Asn

Val

255

Tyr

Phe

Ala

Gln
800
Ile

Lys

Thr

Gly

Lys

Pro

Gln

Pro

80

Glu

Glu

Arg

Ile

Leu

160

Glu

Ile

Leu

Val

Lys

240

Lys

Gly

Ile

Glu
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-continued

92

Tyr

305

Arg

Lys

Leu

Asp

Met

385

Arg

Gly

Asn

Ser

Arg

465

Glu

Ser

Met

Tyr

Leu

545

Tyr

Ala

Asp

Ile

625

Ala

Lys

Ile

705

Gly

Phe

Ile

Tyr

Leu

Gln

370

His

Pro

Ile

Ile

Ser

450

Lys

Ala

Phe

Ala

Ile

530

Lys

Gly

Asp

Lys

Gly

610

Arg

Glu

Ser

Ile

Gln
690

Val

Asp

Gly

Tyr

Ala

Pro

355

Val

Glu

Tyr

His

Met

435

Glu

Ser

Arg

Glu

Asn

515

Arg

Thr

Asp

Ile

Val

595

Leu

Gly

Leu

Val

Ile
675
Pro

Asn

Lys

Val

Gln

Arg

340

Tyr

Gly

Ala

Glu

Tyr

420

Leu

Gly

Pro

Arg

Trp

500

Ala

Glu

Ala

Thr

Ile

580

Tyr

Thr

Asp

Val

Ile

660

Trp

His

Lys

Leu

Met

Tyr

325

Asp

Ala

Pro

Tyr

Thr

405

Asn

Lys

Asp

Arg

Glu

485

Val

Met

Val

Met

Asp

565

Ser

Ser

Ala

Trp

Leu

645

Asp

Lys

Val

Gly

Thr

Lys

310

Trp

Asp

Met

Ala

Lys

390

Tyr

Ile

Tyr

Tyr

Gly

470

Ala

Leu

Tyr

Ala

Ser

550

Ser

Arg

Lys

Asp

Ser

630

Arg

Asp

Thr

Val

Asp
710

Gln

Arg

Asp

Val

Gln

Ser

375

Met

Lys

Ala

Asn

Tyr

455

Leu

Arg

Leu

Gly

Glu

535

Met

Leu

Ile

Leu

Gly

615

Glu

Glu

Leu

Leu

Ala
695

Thr

Arg

Ser

Asp

Leu

Leu

360

Val

Gly

Gly

Val

Ile

440

Thr

Tyr

Asp

Asn

Tyr

520

Ser

Ala

Phe

Asn

Ile

600

Glu

Leu

Ser

Arg

Asp

680

Ala

Val

Ala

Glu

Glu

Ser

345

Ala

Gly

Glu

Ala

Leu

425

Ser

Ala

Ala

Glu

Glu

505

Cys

Val

Lys

Val

Glu

585

Phe

Val

Ala

Val

Asn

665

Lys

Arg

Gly

Tyr

Arg

Gly

330

Thr

Ser

Ser

Leu

Ile

410

Asp

Pro

Pro

Ser

Met

490

Arg

Gly

Thr

Glu

Thr

570

Met

Thr

Asp

Arg

Asp

650

Tyr

Asp

Arg

Phe

Pro

Val

315

Lys

Leu

Val

Arg

Ala

395

Val

Phe

Asp

Glu

Leu

475

Arg

Gln

Trp

Ala

Arg

555

Tyr

Gly

Glu

Ile

Asn

635

Glu

Arg

Ile

Leu

Val

715

Tyr

Asn

Arg

Gly

Ser

Val

380

Pro

Leu

Ser

Thr

Val

460

Leu

Asn

Arg

Leu

Trp

540

Gly

Asp

Phe

Ser

Val

620

Val

Ala

Phe

Asn

Met
700

Ile

Val

Ile

Ser

Leu

Gly

365

Glu

Asn

Glu

Ser

Leu

445

Gly

Gln

Tyr

Ala

Gly

525

Gly

Leu

Lys

Glu

Lys

605

Gly

Gln

Val

Thr

Glu
685
Glu

Val

Phe

Pro

Gln

Gly

350

Leu

Met

Arg

Pro

Met

430

Val

Tyr

Lys

Pro

Leu

510

Ala

Arg

Thr

Asp

Val

590

Lys

Phe

Glu

Lys

Ile

670

Tyr

Lys

Lys

Ile

Gly

Leu

335

Lys

Pro

Met

Val

Lys

415

Tyr

Leu

Arg

Leu

Glu

495

Lys

Arg

Tyr

Val

Lys

575

Lys

Arg

Glu

Arg

Tyr

655

Asp

Lys

Gly

Asp

Asn

His

320

Ile

Ile

Leu

Ile

Glu

400

Pro

Pro

Asp

Phe

Ile

480

Gly

Ile

Trp

Leu

Ile

560

Val

Ile

Tyr

Ala

Val

640

Val

Asp

Ala

Tyr

Ser
720

Asp
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-continued

94

Val

Ala

Lys

Ala

725

Glu Ile Asp Val Asp Tyr Tyr

740

745

Leu Arg Ile Leu Glu Val Phe

755

Leu Gly Lys

770

760

Thr Gly Lys Ser Ile Leu

<210> SEQ ID NO 38

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Pyrolobus fumarii

PRT

<400> SEQUENCE:

Met
1
Gly
Arg
Leu
Leu
65

Lys

Pro

Ile

Pro

145

Lys

Leu

Gln

Lys

Asp

225

Pro

Leu

Arg

Pro

Glu
305

Thr

Lys

Val

Ala

50

Ser

Tyr

Glu

Glu

Asp

130

Leu

Ser

Pro

Gly

Thr

210

Arg

Asp

Leu

Val

Gly
290

Ile

Glu

Glu

Val

35

Pro

Arg

Phe

Ala

Asp

115

His

Glu

Arg

Asp

Ser

195

Asp

Lys

Ile

Arg

Gly

275

Arg

Lys

Val

Pro

20

Leu

Gly

Pro

Gly

Val

100

Val

Asp

Asn

Pro

Leu

180

Pro

Asp

Pro

Ile

Arg

260

Ala

Leu

Ile

803

38

Val Phe

Gln Val

Ile Asp

Ala Asp

Lys Ser

70

Arg Pro

Arg Glu

Leu Glu

Leu Phe

Lys Met

150

Glu Pro
165

Arg Ile

Arg Pro

Gly Asp

Ile Arg

230

Val Gly

245

Ala Arg

Glu Pro

Asn Val

Lys Ser
310

775

Thr

Ile

Arg

Pro

55

Pro

Arg

Tyr

Ala

Pro

135

Gly

Leu

Leu

Glu

Glu

215

Glu

Tyr

Ile

Thr

Asp
295

Leu

Val

Ile

Ser

40

Lys

Ile

Arg

Arg

Asp

120

Phe

Phe

Tyr

Ala

Arg

200

Val

Phe

Asn

Leu

Thr
280

Leu

Glu

Leu

Trp

25

Phe

Gln

Ile

Val

Glu

105

Ile

Thr

Arg

Gly

Phe

185

Asp

Leu

Val

Asn

Gly

265

Ser

Tyr

Glu

730

Val

Glu

Lys

Gly Val Asn

Asp

Asp

10

Gly

Arg

Val

Gly

Leu

90

Leu

Arg

Trp

Val

Glu

170

Asp

Pro

Phe

Glu

Asn

250

Ile

Val

Asp

Val

Tyr

Ser

Ile

Pro

Ala

Val

75

Arg

Val

Phe

Tyr

Asp

155

Ala

Ile

Val

Ile

Tyr

235

His

Lys

His

Tyr

Ala
315

Phe
780

Ser

Ala

Tyr

Gln

60

Glu

Ile

Lys

Ala

Arg

140

Lys

Leu

Glu

Ile

Ala

220

Val

Phe

Leu

Gly

Ala

300

Glu

735

Gln Val Ile

750

Glu Ala Ala

765

His

Tyr

Glu

Phe

45

Arg

Asp

Arg

Asn

Met

125

Val

Val

Ala

Val

Val

205

Glu

Lys

Asp

Asp

His

285

Glu

Tyr

Glu

Asn

30

Tyr

Ile

Asp

Thr

Val

110

Arg

Glu

Tyr

Pro

Tyr

190

Ile

Gly

Arg

Trp

Val
270
Val

Glu

Leu

Val

15

Gly

Ala

Arg

Lys

Val

Asp

Tyr

Ala

Leu

Thr

175

Ser

Ala

Lys

Tyr

Pro

255

Thr

Ser

Met

Gly

Pro

Leu

Val

Glu

Leu

Ala

Arg

80

Leu

Gly

Leu

Glu

Val

160

Lys

Lys

Val

Asp

Asp

240

Tyr

Arg

Val

Pro

Val
320
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-continued

96

Met

Tyr

Asp

Ala

Ala

385

Phe

Thr

Asn

Lys

Gly

465

Arg

Leu

Pro

Ala

Cys

545

Arg

Gly

Lys

Glu

Ala
625

Lys
Thr
705

Tyr

Gly

Lys

Trp

Asp

Ile

370

Met

Lys

Tyr

Ile

Tyr

450

Glu

Cys

Arg

Glu

Asn

530

Arg

Thr

Asp

Phe

Lys

610

Gly

Arg

Glu

Arg

Leu
690
Glu

Arg

Gly

Lys

Asp

Val

355

Gln

Ser

Met

Arg

Ala

435

Asn

Cys

Pro

Lys

Tyr

515

Ala

Glu

Ala

Thr

Ile

595

Val

Leu

Gly

Ile

Lys

675

Val

Ala

Val

Arg

Ser

Asp

340

Arg

Leu

Val

Lys

Gly

420

Val

Val

Gly

Pro

Arg

500

Arg

Ser

Cys

Ile

Asp

580

Lys

Tyr

Leu

Asp

Val

660

Ile

Ile

Pro

Ser

Ile

Glu

325

Pro

Ala

Ser

Gly

Glu

405

Ala

Leu

Gly

Cys

Gly

485

Val

Leu

Tyr

Ala

Asn

565

Ser

Ile

Lys

Glu

Trp

645

Leu

Val

Trp

His

Pro
725

Ser

Arg

Lys

Thr

Tyr

Phe

390

Leu

Ile

Asp

Pro

Trp

470

Phe

Arg

Leu

Gly

Glu

550

Ile

Leu

Ile

Arg

Asp

630

Cys

Lys

Lys

Lys

Val
710

Gly

Gln

Val

Lys

Tyr

Val

375

Arg

Val

Val

Phe

Asp

455

Glu

Phe

Ala

Asp

Tyr

535

Ala

Ala

Phe

Glu

Val

615

Gly

Glu

Thr

Glu

Thr
695
Val

Asp

Arg

Ile

Arg

Gly

360

Thr

Leu

Pro

Leu

Ser

440

Thr

Ala

Lys

Glu

Glu

520

Met

Val

Arg

Val

Glu

600

Phe

Arg

Leu

Ser

Leu

680

Leu

Ala

Lys

Ala

Ile

Pro

345

Leu

Gly

Glu

Asn

Glu

425

Ser

Leu

Pro

Thr

Met

505

Arg

Gly

Thr

Lys

Thr

585

Glu

Phe

Ile

Ala

Asp

665

Glu

Ser

Ala

Ile

Trp

Asn

330

Leu

Ala

Leu

Trp

Arg

410

Pro

Met

Val

Glu

Val

490

Lys

Gln

Trp

Ala

Leu

570

Tyr

Leu

Thr

Asp

Lys

650

Val

Glu

Lys

Lys

Gly

730

Pro

Trp

Leu

Glu

Pro

Tyr

395

Val

Leu

Tyr

Arg

Val

475

Leu

Lys

Lys

Ser

Trp

555

Gly

Asp

Gly

Glu

Ile

635

Glu

Asn

Gly

Arg

Arg

715

Tyr

Tyr

Trp Glu Ile

Leu

Lys

Leu

380

Leu

Glu

Arg

Pro

Pro

460

Lys

Glu

Tyr

Ala

Gly

540

Gly

Leu

Pro

Phe

Ala

620

Val

Val

Lys

Lys

Leu
700
Met

Val

Phe

Gln

Ile

365

Asp

Ile

Arg

Gly

Asn

445

Gly

His

Arg

Pro

Leu

525

Ala

Arg

Lys

Glu

Glu

605

Lys

Gly

Gln

Ala

Val

685

Glu

Leu

Ile

Met

Tyr

350

Leu

Gln

Arg

Pro

Val

430

Ile

Glu

Arg

Leu

Pro

510

Lys

Arg

His

Val

Lys

590

Ile

Lys

Phe

Thr

Val

670

Pro

Glu

Ser

Val

Val

Pro

335

Ala

Pro

Val

Ala

Glu

415

His

Met

Glu

Phe

Leu

495

Asp

Val

Trp

Leu

Ile

575

Val

Lys

Arg

Glu

Lys

655

Glu

Ile

Tyr

Ala

Lys
735

Lys

Asp

Arg

Phe

Gly

Ala

400

Glu

Glu

Ile

Cys

Arg

480

Glu

Ser

Leu

Tyr

Ile

560

Tyr

Glu

Leu

Tyr

Ala

640

Val

Tyr

Glu

Thr

Gly
720

Gly

Asp
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-continued

98

Pro

Ala

Lys

785

Lys

Ser

Ala

770

Ala

Ser

740

Gln Ile Asp Val Thr

755

Leu Arg Ile Leu Gly

Ser

Lys

775

Ala Thr Gly Gln

<210> SEQ ID NO 39

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Pyrobaculum

PRT

<400> SEQUENCE:

Met Glu Ile Arg

1

Gly

Ala

Pro

65

Arg

Leu

Ala

Pro

Gly

145

Gly

Asn

Ala

Arg

Phe

225

Pro

Asp

Pro

Val

Val

Gly

50

Val

Gln

Arg

Asp

Cys

130

Ser

Phe

Glu

Val

Asp

210

Asp

Tyr

Arg

Leu

Glu
290

Met

Pro

Leu

35

Cys

Glu

Phe

Glu

Ile

115

Ser

Leu

Pro

Arg

Gln

195

Asp

Pro

Leu

Leu

Gly
275

Ile

Arg

Glu

20

Ala

Asp

Gly

Leu

Ala

100

Arg

Trp

Pro

Pro

Gly

180

Ser

Arg

Asp

Ala

Gly
260
Arg

Lys

Arg

786

39

Val

Val

Asp

Pro

Val

Lys

85

Ala

Phe

Asn

Val

Pro

165

Thr

Ser

Gly

Val

Glu

245

Gly

Ala

Leu

Asp

790

Trp

Arg

Arg

His

Glu

70

Val

Ser

Tyr

Val

Tyr

150

Leu

Pro

Asp

Val

Val

230

Arg

Ala

Asn

Lys

Glu

Pro

Val

Ser

Ala

55

Leu

Val

Thr

Met

Ala

135

Arg

Arg

Asp

Gly

Leu

215

Val

Ala

Pro

Val

Thr
295

Arg

Tyr
760

Tyr

Lys

745

Tyr

Phe

Thr

Val

Gly

Leu

oguniense

Leu

Phe

Phe

40

Val

Val

Ala

Ile

Arg

120

Glu

Val

Val

Pro

Arg

200

Arg

Gly

Lys

Gln

Asp
280

Leu

Val

Asp

Gly

Arg

Lys

Glu

Lys

Pro

105

Tyr

Val

Val

Leu

Ala

185

Leu

Ser

Tyr

Ala

Gln
265
Leu

Asp

Leu

Val

10

Ile

Pro

Thr

Arg

Ile

Gly

Val

Glu

Lys

Ala

170

Arg

Glu

Phe

Asn

Val

250

Ser

Tyr

Arg

Ile

Asp

Ile

Phe
795

Thr

Ala

Tyr

His

Arg

Pro

Val

Ile

Val

Trp

155

Phe

Asp

Val

Val

Ser

235

Gly

Val

Asn

Val

Pro

His
Thr
780

Asp

Tyr

Glu

Phe

Leu

60

Phe

Glu

Arg

Asp

Ala

140

Gly

Asp

Pro

Phe

Glu

220

Asn

Val

Tyr

Ile

Ala
300

Gly

Gln
765
Glu

Phe

Ile

Gly

Tyr

45

Gly

Leu

Asp

Gly

Met

125

Asp

Gly

Ile

Ile

Glu

205

Tyr

Asn

Pro

Gly

Val
285

Glu

His

750

Ile

Lys

Leu

Val

Gly

Val

Arg

Gly

Val

Val

110

Gly

Glu

Ala

Glu

Val

190

Ala

Val

Phe

Leu

His
270
Asp

Tyr

Lys

Ile

Lys

Ala

Val

15

Glu

Asp

Thr

Arg

Arg

Tyr

Val

Lys

Val

Val

175

Met

Ser

Arg

Asp

Arg

255

Trp

Glu

Phe

Ile

Pro

Leu

Lys
800

Gly

Arg

Cys

Ala

Pro

80

Arg

Glu

Val

Leu

Glu

160

Tyr

Ile

Gly

Ser

Trp

240

Val

Ser

Phe

Gly

Tyr
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-continued

100

305

Glu

Ile

Phe

Ala

Ala

385

Glu

Ser

Met

Asp

Arg

465

Ala

Thr

Met

Tyr

Leu

545

Tyr

Lys

Asp

Ala

625

Ile

Phe

Gly

Lys
705

Tyr

Asp

Leu

Ala

370

Tyr

Pro

Asp

Arg

Pro

450

Lys

Leu

Pro

Ala

Lys

530

Lys

Gly

Leu

Lys

Gly

610

Arg

Glu

Ile

Asp

Glu
690

Lys

Val

Trp

Asp

Ile

355

Ala

Gly

Tyr

Val

Tyr

435

Pro

Glu

Arg

Glu

Asn

515

Lys

Asp

Asp

Ala

Asp

595

Leu

Gly

Leu

Lys

Leu
675
Tyr

Lys

Lys

Arg

Val

340

Gln

Ser

Leu

Lys

Leu

420

Asn

Glu

Pro

Arg

Tyr

500

Ala

Glu

Val

Thr

Arg

580

Tyr

Leu

Asp

Ile

Tyr

660

Asp

Lys

Gly

Gly

Asp

325

Arg

Leu

Val

Gly

Gly

405

Val

Leu

Gly

Pro

Ala

485

Arg

Met

Val

Ile

Asp

565

Tyr

Glu

Arg

Trp

Leu

645

Val

Asp

Ala

Tyr

Gly
725

310

Pro

Ser

Ser

Gly

Glu

390

Ala

Leu

Ser

Val

Gly

470

Val

Val

Tyr

Ala

Asp

550

Ser

Val

Lys

Asp

Ser

630

Lys

Lys

Leu

Tyr

Lys

710

Glu

Ser

Thr

Ser

Asn

375

Val

Ile

Asp

Pro

Tyr

455

Phe

Arg

Leu

Gly

Glu

535

Tyr

Leu

Asp

Val

Gly

615

Glu

Ala

Asp

Ile

Pro
695

Val

Lys

Lys

Tyr

Val

360

Arg

Ala

Val

Phe

Asp

440

Val

Ile

Glu

Asp

Tyr

520

Ser

Ala

Phe

Glu

Leu

600

Arg

Leu

Arg

Val

Ile
680
Pro

Gly

Val

Arg

Gly

345

Ser

Val

Pro

Leu

Ser

425

Thr

Ala

Pro

Glu

Glu

505

Thr

Val

Arg

Val

Lys

585

Phe

Ile

Ala

Asp

Ile

665

Trp

His

Arg

Ser

Pro

330

Leu

Gly

Glu

Asn

Glu

410

Ser

Tyr

Pro

Gln

Met

490

Arg

Gly

Thr

Arg

Lys

570

Tyr

Thr

Asp

Lys

Leu

650

Glu

Lys

Val

Gly

Glu
730

315

Leu

Ala

Leu

Trp

Arg

395

Pro

Met

Leu

Glu

Val

475

Lys

Gln

Trp

Ala

Leu

555

Lys

Gly

Glu

Ile

Glu

635

Ser

Arg

Thr

Arg

Thr
715

Arg

Leu

Glu

Pro

Met

380

Glu

Lys

Tyr

Glu

Val

460

Leu

Lys

Lys

Val

Phe

540

Gly

Gly

Ile

Ala

Val

620

Val

Glu

Leu

Leu

Ala
700

Thr

Ser

Arg

Arg

Leu

365

Leu

Glu

Pro

Pro

Pro

445

Gly

Arg

Tyr

Ala

Gly

525

Ala

Ile

Gly

Glu

Lys

605

Gly

Gln

Ala

Lys

Asp

685

Ala

Ile

Leu

Gln

Leu

350

Asp

Leu

Arg

Gly

Asn

430

Gly

His

Arg

Gln

Leu

510

Ala

Arg

Val

Asp

Ile

590

Lys

Phe

Leu

Arg

Ser

670

Lys

Leu

Gly

Pro

Tyr

335

Leu

Gln

Arg

Glu

Leu

415

Val

Glu

Arg

Leu

Pro

495

Lys

Arg

Ala

Val

Leu

575

Lys

Arg

Glu

Lys

Gln

655

Gly

Asp

Ile

Tyr

Tyr
735

320

Val

Pro

Val

Tyr

Tyr

400

Tyr

Met

Pro

Phe

Val

480

Asp

Ile

Trp

Ile

Ile

560

Glu

Val

Tyr

Val

Val

640

Arg

Lys

Leu

Leu

Val
720

Ile
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-continued

102

Leu

Gln

Glu

Phe
785

Val

Val

Gly

770

Glu

Asp

Asp
740

Leu Ala Lys Ile

Ile Pro Ala Ala Leu Arg

755

760

Asp Leu Arg Ala Gly Arg

775

<210> SEQ ID NO 40

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Staphylothermus

PRT

<400> SEQUENCE:

Met

1

Glu

Asp

Tyr

Ile

65

Thr

Leu

Arg

Glu

145

Tyr

Asp

Thr

Asn

Ile

225

Ile

Glu

Gly

Arg

Lys

Ser

Val

Gly

Ala

50

Arg

Glu

Met

Pro

Tyr

130

Val

Glu

Leu

Pro

Asn

210

Ser

Ile

Arg

Ala

Leu
290

Val

Glu

Ile

Arg

35

Ile

Thr

Lys

Ile

Glu

115

Ile

Val

Ile

Arg

Arg

195

Gly

Val

Val

Ser

Thr
275

Asn

Lys

Lys

Gly

20

Arg

Leu

Tyr

Lys

Pro

100

Val

Ile

Glu

Ile

Ile

180

Pro

Asp

Glu

Gly

Lys

260

Pro

Thr

Ser

801

40

Ile Asn Leu Glu

Asn Glu Pro His

Val Leu Leu Arg

40

Lys Asp Lys Val
55

Ser Asp Pro Lys
70

Tyr Phe Gly Arg
85

Glu Tyr Val Arg
Leu Glu Val Val
120

Asp His Asp Leu
135

Val Pro Lys Lys
150

Gly Asp Ile Lys
165

Ile Ala Phe Asp
Gln Thr Asp Pro
200

Ile Lys Gln Phe
215

Glu Phe Val Asn
230

Tyr Asn Thr Asp
245

Tyr Ile Gly Val

Arg Thr Ser Thr
280

Asp Leu Tyr His
295

Leu Glu Asn Val

Asp
745

Ile

Ser

Val Asp Tyr

Ala Glu Val

Glu Lys Ser

marinus

Phe

Ile

Asp

Asn

Ser

Lys

Lys

105

Glu

Arg

Pro

Pro

Ile

185

Ile

Leu

Tyr

Gly

Lys

265

Tyr

Phe

Ala

Tyr

10

Ile

Arg

Ile

Pro

Val

Tyr

Ala

Pro

Ile

Leu

170

Glu

Ile

Ala

Val

Phe

250

Leu

Gly

Ala

Glu

Phe

Ile

Arg

Glu

Ile

75

Ser

Arg

Asp

Cys

Tyr

155

Glu

Val

Ile

Asn

Lys

235

Asp

Asp

His

Glu

Tyr

780

Leu

Trp

Phe

Asp

60

Ile

Ala

Glu

Ile

Gly

140

Arg

Gln

Tyr

Ile

Lys

220

Thr

Trp

Val

Ile

Glu
300

Leu

Tyr
Ile
765

Leu

Asp

Gly

Arg

45

Leu

Gly

Leu

Lys

Arg

125

Trp

Val

Thr

Asn

Gly

205

Tyr

Phe

Pro

Thr

Ser
285

Ile

Gly

Ile
750
Gly

Leu

Asn

Ile

Pro

Ala

Val

Lys

Ile

110

Phe

His

Asp

Leu

Lys

190

Ile

Asp

Asp

Tyr

Arg

270

Val

Pro

Val

Glu

Val

Asp

Ser

15

Thr

Tyr

Arg

Glu

Ile

Lys

Ser

Val

Ala

Gln

175

Ser

Met

Asp

Pro

Leu

255

Arg

Pro

Glu

Met

Lys

Lys

Phe

Tyr

Arg

Phe

Lys

Pro

80

Ile

Ser

Ile

Ala

Glu

160

Pro

Gly

Asn

Lys

Asp

240

Ile

Val

Gly

Val

Lys
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-continued

104

305

Lys

Asp

Gln

Ser

385

Tyr

Arg

Ala

Asn

Lys

465

Pro

Gln

Arg

Thr

Cys

545

Ile

Asp

Glu

Tyr

Leu

625

Asp

Leu

Ile

Pro
705

Ser

Ser

Asp

Lys

Leu

370

Val

Gly

Gly

Val

Val

450

His

Gly

Ile

Leu

Tyr

530

Ala

Glu

Ser

Leu

Lys

610

Glu

Trp

Leu

Ile

Trp
690

His

Thr

Glu

Glu

Ser

355

Ser

Gly

Glu

Ala

Leu

435

Gly

Asn

Phe

Lys

Leu

515

Gly

Glu

Leu

Leu

Ile

595

Arg

Asp

Ala

Lys

Ala
675
Lys

Val

Asn

Arg

Lys

340

Thr

Asn

Phe

Leu

Val

420

Asp

Pro

Ile

Phe

Ser

500

Asp

Tyr

Ala

Ala

Phe

580

Gln

Val

Gly

Glu

Glu

660

Asp

Thr

Val

Asp

Val

325

Leu

Tyr

Ile

Arg

Val

405

Val

Phe

Asp

Ala

Lys

485

Glu

Glu

Met

Val

Arg

565

Val

Thr

Phe

Arg

Ile

645

Asn

Leu

Leu

Ala

Lys
725

310

Ile

Arg

Gly

Thr

Leu

390

Pro

Leu

Ser

Thr

Pro

470

Arg

Met

Arg

Gly

Thr

550

Lys

Thr

Lys

Phe

Ile

630

Ala

Ser

Lys

Ser

Ala
710

Ile

Ile

Pro

Leu

Gly

375

Glu

Asn

Lys

Ser

Ile

455

Glu

Val

Lys

Gln

Trp

535

Ala

Leu

Tyr

Leu

Thr

615

Asp

Lys

Ile

Ala

Lys
695

Lys

Gly

Glu

Lys

Ala

360

Leu

Trp

Arg

Pro

Met

440

Val

Val

Leu

Lys

Lys

520

Ile

Trp

Gly

Asp

Gly

600

Glu

Ile

Glu

Asp

Gly

680

Arg

Lys

Tyr

Tyr

Leu

345

Glu

Pro

Tyr

Val

Val

425

Tyr

Arg

Gly

Glu

Tyr

505

Ala

His

Gly

Leu

Lys

585

Phe

Ala

Val

Val

Lys

665

Lys

Ile

Leu

Val

Ile

330

Leu

Lys

Leu

Leu

Glu

410

Lys

Pro

Asn

His

Thr

490

Pro

Val

Ala

Arg

Lys

570

Asp

Glu

Lys

Gly

Gln

650

Ala

Ile

Glu

Ile

Ile
730

315

Asp

Gln

Phe

Asp

Met

395

Arg

Gly

Asn

Glu

Cys

475

Leu

Pro

Lys

Arg

Gln

555

Val

Lys

Ile

Lys

Phe

635

Glu

Ile

Pro

Glu

Lys
715

Leu

Ile

Tyr

Leu

Gln

380

Arg

Ala

Val

Ile

Lys

460

Phe

Leu

Thr

Val

Trp

540

Thr

Ile

Val

Lys

Arg

620

Glu

Lys

Glu

Leu

Tyr
700

Ala

Lys

Pro

Asn

Pro

365

Val

Glu

Ala

His

Met

445

Cys

Arg

Arg

Ser

Leu

525

Tyr

Ile

Tyr

Glu

Ile

605

Tyr

Ala

Val

Tyr

Asp

685

Ser

Gly

Gly

Lys

Ile

350

Phe

Gly

Ala

Glu

Glu

430

Ile

Asn

Lys

Leu

Tyr

510

Ala

Cys

Lys

Gly

Lys

590

Asp

Ala

Val

Thr

Val

670

Lys

Val

Ile

Gly

Tyr

335

Asp

Ala

Ala

Phe

Ser

415

Asn

Lys

Pro

Glu

Arg

495

Glu

Asn

Arg

Ser

Asp

575

Leu

Lys

Gly

Arg

Glu

655

Arg

Leu

Asp

Lys

Gly
735

320

Trp

Asp

Met

Ala

Arg

400

Tyr

Ile

Tyr

Asp

Pro

480

Lys

Tyr

Ala

Glu

Ala

560

Thr

Ile

Ile

Leu

Gly

640

Ile

Gln

Ile

Ala

Val
720

Lys
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-continued

106

Ile

Ile

Arg

Ala

785

Lys

Ser

Asp

Ile

770

Ala

Ser

Thr
755

Arg
740

Glu

Ala Glu

Tyr Tyr

Leu Asn Tyr Phe

Ser

Ala

Gly Gln
790

<210> SEQ ID NO 41

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Pyrococcus yayaosii

PRT

<400> SEQUENCE:

Met

1

Arg

Ser

Glu

65

Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Met

Tyr

Lys

Ile

Ile

Phe

Asp

50

Val

Val

Glu

Ile

Glu

130

Tyr

Tyr

Leu

Phe

Asn

210

Leu

Gln

Phe

Thr

Val
290

Leu

Phe

Arg

35

Ile

Glu

Trp

Lys

Pro

115

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu
275

Tyr

Asp

Lys

20

Pro

Lys

Ala

Lys

Ile

100

Phe

Asn

Glu

Asp

Tyr

180

Arg

Asp

Met

Met

Ile
260

Glu

Pro

776

41

Ala Asp

Lys Glu

Tyr Ile

Lys Ile

Glu Lys

70

Leu Tyr
85

Arg Glu

Ala Lys

Glu Glu

Gly Asp

150

Glu Lys
165

Val Glu

Val Ile

Asn Phe

Lys Leu
230

Gly Asp
245
Tyr Pro

Ala Val

Asn Glu

Pro

Val

Gly

775

Lys

Tyr

Asn

Tyr

Thr

55

Val

Phe

His

Arg

Leu

135

Glu

Gly

Val

Arg

Asp

215

Pro

Gly

Val

Tyr

Ile
295

Tyr
Asp
760

Val

Ser

Ile

Gly

Ala

40

Ala

Arg

Glu

Pro

Tyr

120

Lys

Phe

Ala

Val

Glu

200

Phe

Ile

Phe

Ile

Glu
280

Ala

Ile
745
His

Thr

Leu

Thr

Glu

25

Leu

Glu

Lys

His

Ala

105

Leu

Leu

Gly

Lys

Ser

185

Lys

Pro

Gly

Ala

Arg
265

Ala

Arg

Phe

Gln

Glu

Phe

Glu

10

Phe

Leu

Arg

Lys

Pro

90

Val

Ile

Leu

Ser

Val

170

Ser

Asp

Tyr

Arg

Val

250

Arg

Val

Ala

Val

Ile

Thr

Asp
795

Asn

Lys

Arg

His

Phe

75

Gln

Ile

Asp

Ala

Gly

155

Ile

Glu

Pro

Leu

Asp

235

Glu

Thr

Phe

Trp

Lys

Val

Gln

780

Phe

Gly

Val

Asp

Gly

60

Leu

Asp

Asp

Lys

Phe

140

Pro

Thr

Arg

Asp

Leu

220

Gly

Val

Ile

Gly

Glu
300

Asp
Pro
765

Leu

Phe

Lys

Glu

Asp

45

Lys

Gly

Val

Ile

Gly

125

Asp

Ile

Trp

Glu

Val

205

Lys

Ser

Lys

Asn

Arg
285

Asn

Pro
750
Ala

Lys

Gly

Pro

Tyr

30

Ser

Val

Arg

Pro

Phe

110

Leu

Ile

Ile

Lys

Met

190

Ile

Arg

Glu

Gly

Leu
270

Pro

Cys

Lys

Ala

Arg

Gly

Val

Asp

Ala

Val

Pro

Ala

95

Glu

Ile

Glu

Met

Gly

175

Ile

Ile

Ala

Pro

Arg
255
Pro

Lys

Lys

Leu

Leu

Ala

Lys
800

Val

Arg

Ile

Arg

Ile

Ile

Tyr

Pro

Thr

Ile

160

Val

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly
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107

-continued

108

Leu
305

Glu

Pro
Tyr
385

Ile

Asp

Phe

Lys

465

Asp

Tyr

Ser

Leu

Tyr

545

Ala

Glu

Lys

Leu

Ala

625

Pro

Asp

Ala

Leu
705

Glu

Leu

Gly

Glu

Asn

370

Glu

Ile

Asn

Val

Ile

450

Arg

Tyr

Tyr

Val

Glu

530

Ala

Leu

Leu

Lys

Glu

610

Arg

Lys

Pro

Tyr

Arg

690

Arg

Arg

Gly

Gln

Trp

355

Arg

Gly

Tyr

Ile

Ala

435

Pro

Lys

Arg

Gly

Thr

515

Lys

Thr

Glu

Glu

Tyr

595

Ile

Val

Ile

Glu

Lys
675

Gly

Gly

Val

Arg

Pro

340

Phe

Pro

Gly

Leu

Ser

420

Pro

Ser

Met

Gln

Tyr

500

Ala

Arg

Ile

Phe

Tyr

580

Ala

Val

Leu

Val

Lys

660

Ala

Ile

Asp

Ala

Glu

325

Val

Leu

Asp

Tyr

Asp

405

Pro

Lys

Leu

Lys

Arg

485

Ala

Trp

Gly

Pro

Val

565

Glu

Leu

Arg

Glu

Lys

645

Leu

Val

Lys

Gly

Lys

310

Phe

Trp

Leu

Glu

Val

390

Phe

Asp

Val

Leu

Ala

470

Ala

Lys

Gly

Phe

Gly

550

Lys

Gly

Ile

Arg

Ala

630

Glu

Val

Gly

Val

Pro
710

Tyr Ser Met Glu Asp Ala Lys Val Thr
315

Phe Pro Met Glu Ala Gln Leu Ala Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Tyr Glu Arg Arg Leu Arg Glu
375 380

Lys Glu Pro Glu Lys Gly Leu Trp Glu
395

Arg Ser Leu Tyr Pro Ser Ile Ile Ile
410 415

Thr Leu Asn Lys Glu Gly Cys Asn Ser
425 430

Gly His Arg Phe Cys Lys Asp Phe Pro
440 445

Gly Gln Leu Leu Asp Glu Arg Gln Lys
455 460

Thr Ile Asp Pro Ile Glu Arg Lys Leu
475

Ile Lys Ile Leu Ala Asn Ser Tyr Tyr
490 495

Ala Arg Trp Tyr Cys Lys Glu Cys Ala
505 510

Arg Glu Tyr Ile Glu Leu Val Ser Arg
520 525

Lys Val Leu Tyr Ile Asp Thr Asp Gly
535 540

Ser Arg Glu Trp Asp Lys Ile Lys Glu
555

Tyr Ile Asn Ala Arg Leu Pro Gly Leu
570 575

Phe Tyr Lys Arg Gly Phe Phe Val Thr
585 590

Asp Glu Glu Gly Lys Ile Ile Thr Arg
600 605

Asp Trp Ser Glu Ile Ala Lys Glu Thr
615 620

Ile Leu Lys Glu Gly Asn Leu Glu Lys
635

Val Thr Glu Lys Leu Ser Lys Tyr Glu
650 655

Ile Tyr Glu Gln Ile Thr Arg Asp Leu
665 670

Pro His Val Ala Val Ala Lys Arg Leu
680 685

Arg Pro Gly Met Val Ile Gly Tyr Leu
695 700

Ile Ser Arg Arg Ala Ile Pro Ala Glu
715

Tyr

320

Leu

Leu

Ala

Ser

Gly

400

Thr

Tyr

Gly

Ile

Leu

480

Gly

Glu

Glu

Leu

Arg

560

Leu

Lys

Gly

Gln

Ala

640

Val

Lys

Ala

Val

Glu
720
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-continued

110

Phe

Gln

Lys

Trp

Asp

Val

Glu

Leu
770

Pro

Leu

Asp

755

Lys

Ser Arg His

725

Pro Ala Val

740

Leu Arg Tyr

Arg Lys Ala

<210> SEQ ID NO 42

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Thermococcus sp

PRT

<400> SEQUENCE:

Met

1

Arg

Thr

Glu

65

Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Ile

Tyr

Lys

Leu
305

Ile

Val

Phe

Asp

50

Lys

Val

Asp

Ile

Glu

130

Tyr

Tyr

Leu

Phe

Asn

210

Leu

Gln

Phe

Thr

Val
290

Glu

Leu

Phe

Glu

35

Val

Arg

Trp

Lys

Pro

115

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu
275

Tyr

Arg

Asp

Lys

20

Pro

Lys

Ala

Lys

Ile

100

Phe

Asp

Glu

Asp

Tyr

180

Arg

Asp

Ile

Met

Leu

260

Glu

Ala

Val

773

42

Thr

Lys

Tyr

Lys

Glu

Leu

85

Arg

Ala

Glu

Gly

Gly

165

Val

Ile

Asn

Lys

Gly

245

Tyr

Ala

Glu

Ala

Asp

Glu

Phe

Val

Lys

70

Tyr

Ala

Lys

Glu

Glu

150

Ser

Asp

Val

Phe

Phe

230

Asp

Pro

Val

Glu

Arg
310

Lys

Leu

Gln

Ser
775

Tyr

Asn

Tyr

Thr

55

Val

Phe

His

Arg

Leu

135

Glu

Glu

Val

Lys

Asp

215

Thr

Arg

Val

Tyr

Ile
295

Tyr

Tyr

Arg

Lys

760

Leu

Ile

Gly

Ala

40

Ala

Gln

Thr

Pro

Tyr

120

Thr

Phe

Ala

Val

Glu

200

Phe

Leu

Phe

Ile

Glu
280

Ala

Ser

Asp Ala Glu Tyr Tyr

730

Ile Leu
745

Thr Arg

.AM4-del

Thr Glu
10

Glu Phe
25

Leu Leu

Lys Arg

Arg Lys

His Pro
90

Ala Val
105

Leu Ile

Met Leu

Gly Thr

Arg Val

170

Ser Thr
185

Lys Asp

Ala Tyr

Gly Arg

Ala Val
250

Arg Arg
265
Ala Val

Gln Ala

Met Glu

Glu Ala Phe

Ile

Gly
750

Glu
735

Tyr

Gln Ala Gly Leu Asp

Asn

Lys

Lys

His

Phe

75

Gln

Ile

Asp

Ala

Gly

155

Ile

Glu

Pro

Leu

Asp

235

Glu

Thr

Phe

Trp

Asp
315

Gly

Ile

Asp

Gly

60

Leu

Asp

Asp

Lys

Phe

140

Pro

Thr

Lys

Asp

Lys

220

Gly

Val

Ile

Gly

Glu
300

Ala

765

Lys

Glu

Asp

45

Thr

Gly

Val

Ile

Gly

125

Asp

Ile

Trp

Glu

Val

205

Lys

Ser

Lys

Asn

Lys
285

Ser

Lys

Pro

Tyr

30

Ser

Val

Arg

Pro

Tyr

110

Leu

Ile

Leu

Lys

Met

190

Leu

Arg

Glu

Gly

Leu
270
Pro

Gly

Val

Val

15

Asp

Ala

Val

Pro

Ala

Glu

Ile

Glu

Met

Lys

175

Ile

Ile

Cys

Pro

Arg

255

Pro

Lys

Glu

Thr

Asn

Arg

Ala

Ile

Arg

Ile

Arg

Ile

80

Ile

Tyr

Pro

Thr

Ile

160

Ile

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr
320
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-continued

112

Glu

Ile

Pro
Ala

385

Asn

Ile
Arg
465

Tyr

Tyr

Glu

Phe

545

Lys

Leu

Lys

Glu

Arg

625

Arg

Pro

Tyr

Arg

Lys

705

Asp

Leu

Gly

Glu

Asn

370

Gly

Tyr

Val

Ala

Pro

450

Lys

Arg

Gly

Thr

Glu

530

Ala

Glu

Glu

Tyr

Ile

610

Val

Ile

Glu

Lys

Gly

690

Gly

Pro

Gly

Gln

Trp

355

Lys

Gly

Leu

Ser

Pro

435

Ser

Met

Gln

Tyr

Ala

515

Lys

Thr

Phe

Tyr

Ala

595

Val

Leu

Val

Lys

Ala
675
Val

Ser

Thr

Arg

Ser

340

Phe

Pro

Tyr

Asp

Pro

420

Glu

Leu

Lys

Arg

Ala

500

Trp

Phe

Ile

Leu

Glu

580

Val

Arg

Glu

Lys

Leu

660

Thr

Lys

Gly

Lys

Glu

325

Leu

Leu

Asp

Val

Phe

405

Asp

Val

Leu

Ala

Ala

485

Lys

Gly

Gly

Pro

Lys

565

Gly

Ile

Arg

Ala

Glu

645

Val

Gly

Ile

Arg

His
725

Phe

Trp

Leu

Glu

Lys

390

Arg

Thr

Gly

Gly

Thr

470

Ile

Ala

Arg

Phe

Gly

550

Tyr

Phe

Asp

Asp

Ile

630

Val

Ile

Pro

Arg

Ile

710

Arg

Phe

Asp

Arg

Lys

375

Glu

Ser

Leu

His

Asp

455

Val

Lys

Arg

Glu

Lys

535

Ala

Ile

Tyr

Glu

Trp

615

Leu

Thr

His

His

Pro
695

Gly

Tyr

Pro

Val

Lys

360

Glu

Pro

Leu

Asn

Lys

440

Leu

Asp

Ile

Trp

Tyr

520

Val

Asp

Asn

Val

Glu

600

Ser

Lys

Glu

Glu

Val
680
Gly

Asp

Asp

Met

Ser

345

Ala

Leu

Glu

Tyr

Arg

425

Phe

Leu

Pro

Leu

Tyr

505

Ile

Leu

Ala

Ala

Arg

585

Gly

Glu

His

Lys

Gln

665

Ala

Thr

Arg

Ala

Glu

330

Arg

Tyr

Ala

Arg

Pro

410

Glu

Cys

Glu

Leu

Ala

490

Cys

Glu

Tyr

Glu

Lys

570

Gly

Lys

Ile

Gly

Leu

650

Ile

Val

Val

Ala

Glu
730

Ala

Ser

Glu

Arg

Gly

395

Ser

Gly

Lys

Glu

Glu

475

Asn

Arg

Thr

Ala

Thr

555

Leu

Phe

Ile

Ala

Asp

635

Ser

Thr

Ala

Ile

Ile

715

Tyr

Gln

Ser

Arg

Arg

380

Leu

Ile

Cys

Asp

Arg

460

Lys

Ser

Glu

Thr

Asp

540

Val

Pro

Phe

Thr

Lys

620

Val

Lys

Arg

Lys

Ser
700

Pro

Tyr

Leu

Thr

Asn

365

Arg

Trp

Ile

Lys

Phe

445

Gln

Lys

Tyr

Cys

Ile

525

Thr

Lys

Gly

Val

Thr

605

Glu

Glu

Tyr

Asp

Arg

685

Tyr

Phe

Ile

Ser

Gly

350

Glu

Gly

Asp

Ile

Glu

430

Pro

Lys

Leu

Tyr

Ala

510

Arg

Asp

Lys

Leu

Thr

590

Arg

Thr

Glu

Glu

Leu

670

Leu

Ile

Asp

Glu

Arg

335

Asn

Leu

Gly

Asn

Thr

415

Tyr

Gly

Ile

Leu

Gly

495

Glu

Glu

Gly

Lys

Leu

575

Lys

Gly

Gln

Ala

Val

655

Arg

Ala

Val

Glu

Asn
735

Leu

Leu

Ala

Tyr

Ile

400

His

Asp

Phe

Lys

Asp

480

Tyr

Ser

Ile

Phe

Ala

560

Glu

Lys

Leu

Ala

Val

640

Pro

Asp

Ala

Leu

Phe
720

Gln
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113 114

-continued

Val Leu Pro Ala Val Glu Arg Ile Leu Lys Ala Phe Gly Tyr Arg Lys
740 745 750

Glu Asp Leu Arg Tyr Gln Lys Thr Lys Gln Val Gly Leu Gly Ala Trp
755 760 765

Leu Lys Val Lys Lys
770

<210> SEQ ID NO 43

<211> LENGTH: 775

<212> TYPE: PRT

<213> ORGANISM: Thermococcus hydrothermalis

<400> SEQUENCE: 43

Met Ile Leu Asp Thr Asp Tyr Ile Thr Glu Asp Gly Lys Pro Val Ile
1 5 10 15

Arg Ile Phe Lys Lys Glu Asn Gly Glu Phe Lys Ile Glu Tyr Asp Arg
20 25 30

Glu Phe Glu Pro Tyr Ile Tyr Ala Leu Leu Lys Asp Asp Ser Ala Ile
35 40 45

Glu Glu Val Lys Lys Ile Thr Ala Gly Arg His Gly Arg Val Val Lys
50 55 60

Val Lys Arg Ala Glu Lys Val Lys Lys Lys Phe Leu Gly Arg Pro Ile
65 70 75 80

Glu Val Trp Lys Leu Tyr Phe Thr His Pro Gln Asp Val Pro Ala Ile
85 90 95

Arg Asp Glu Ile Arg Arg His Ser Ala Val Val Asp Ile Tyr Glu Tyr
100 105 110

Asp Ile Pro Phe Ala Lys Arg Tyr Leu Ile Asp Lys Gly Leu Ile Pro
115 120 125

Met Glu Gly Asp Glu Glu Leu Lys Met Met Ser Phe Asp Ile Glu Thr
130 135 140

Leu Tyr His Glu Gly Glu Glu Phe Gly Thr Gly Pro Ile Leu Met Ile
145 150 155 160

Ser Tyr Ala Asp Glu Gly Glu Ala Arg Val Ile Thr Trp Lys Lys Ile
165 170 175

Asp Leu Pro Tyr Val Glu Val Val Ser Thr Glu Lys Glu Met Ile Lys
180 185 190

Arg Phe Leu Lys Val Val Lys Glu Lys Asp Pro Asp Val Leu Ile Thr
195 200 205

Tyr Asn Gly Asp Asn Phe Asp Phe Ala Tyr Leu Lys Lys Arg Cys Glu
210 215 220

Lys Ile Gly Ile Lys Phe Thr Leu Arg Arg Asp Gly Ser Glu Pro Lys
225 230 235 240

Ile Gln Arg Met Gly Asp Arg Phe Ala Val Glu Val Lys Gly Arg Ile
245 250 255

His Phe Asp Leu Tyr Pro Val Ile Arg Arg Thr Ile Asn Leu Pro Thr
260 265 270

Tyr Thr Leu Glu Ala Val Tyr Glu Ala Val Phe Gly Thr Pro Lys Glu
275 280 285

Lys Val Tyr Pro Glu Glu Ile Thr Thr Ala Trp Glu Thr Gly Glu Gly
290 295 300

Leu Glu Arg Val Ala Arg Tyr Ser Met Glu Asp Ala Lys Val Thr Tyr
305 310 315 320

Glu Leu Gly Arg Glu Phe Phe Pro Met Glu Ala Gln Leu Ser Arg Leu
325 330 335
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115

-continued

116

Ile

Pro

Ala

385

Asn

Thr

Ile

Lys

465

Tyr

Tyr

Glu

Phe

545

Lys

Leu

Lys

Glu

Arg

625

Arg

Pro

Tyr

Arg

Lys

705

Asp

Gly

Glu

Asn

370

Gly

Tyr

Val

Ala

Pro

450

Arg

Arg

Gly

Thr

Glu

530

Ala

Glu

Glu

Tyr

Ile

610

Val

Ile

Glu

Lys

Gly

690

Gly

Pro

Leu

Gln

Trp

355

Lys

Gly

Leu

Ser

Pro

435

Ser

Met

Gln

Tyr

Ala

515

Arg

Thr

Phe

Tyr

Ala

595

Val

Leu

Val

Lys

Ala

675

Ile

Ser

Thr

Pro

Ser

340

Phe

Pro

Tyr

Asp

Pro

420

Gln

Leu

Lys

Lys

Ala

500

Trp

Phe

Ile

Leu

Glu

580

Val

Arg

Glu

Lys

Leu

660

Thr

Lys

Gly

Lys

Ala
740

Leu

Leu

Asp

Val

Phe

405

Asp

Val

Leu

Ala

Ala

485

Arg

Gly

Gly

Pro

Lys

565

Gly

Ile

Arg

Ala

Asp

645

Val

Gly

Ile

Arg

His

725

Val

Trp

Leu

Glu

Lys

390

Met

Thr

Gly

Gly

Ser

470

Ile

Ala

Arg

Phe

Gly

550

Tyr

Phe

Asp

Asp

Ile

630

Val

Ile

Pro

Arg

Ile

710

Arg

Glu

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Ile
360 365

Arg Glu Leu Ala Arg Arg Arg Gly Gly
375 380

Glu Pro Glu Arg Gly Leu Trp Asp Asn
395

Ser Leu Tyr Pro Ser Ile Ile Ile Thr
410 415

Phe Asn Arg Glu Gly Cys Lys Glu Tyr
425 430

His Lys Phe Cys Lys Asp Val Gln Gly
440 445

Ala Leu Leu Asp Glu Arg Gln Lys Ile
455 460

Ile Asp Pro Leu Glu Lys Lys Leu Leu
475

Lys Ile Leu Ala Asn Ser Tyr Tyr Gly
490 495

Arg Trp Tyr Cys Lys Glu Cys Ala Glu
505 510

Asp Tyr Ile Glu Thr Thr Ile His Glu
520 525

Lys Val Leu Tyr Ala Asp Thr Asp Gly
535 540

Ala Asp Ala Glu Thr Val Lys Lys Lys
555

Ile Asn Ala Lys Leu Pro Gly Leu Leu
570 575

Tyr Val Arg Gly Phe Phe Val Thr Lys
585 590

Glu Glu Gly Lys Ile Thr Thr Arg Gly
600 605

Trp Ser Glu Ile Ala Lys Glu Thr Gln
615 620

Leu Arg His Gly Asp Val Glu Glu Ala
635

Thr Glu Lys Leu Ser Lys Tyr Glu Val
650 655

His Glu Gln Ile Thr Arg Glu Leu Lys
665 670

His Val Ala Ile Ala Lys Arg Leu Ala
680 685

Pro Gly Thr Val Ile Ser Tyr Ile Val
695 700

Gly Asp Arg Ala Ile Pro Phe Asp Glu
715

Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn
730 735

Arg Ile Leu Lys Ala Phe Gly Tyr Lys
745 750

Leu

Ala

Tyr

Ile

400

His

Asp

Phe

Lys

Asp

480

Tyr

Ser

Ile

Phe

Ala

560

Glu

Lys

Leu

Ala

Val

640

Pro

Asp

Ala

Leu

Phe
720

Gln

Lys



US 9,447,445 B2
117 118

-continued

Glu Glu Leu Arg Tyr Gln Lys Thr Arg Gln Val Gly Leu Gly Ala Trp
755 760 765

Leu Lys Leu Lys Gly Lys Lys
770 775

<210> SEQ ID NO 44

<211> LENGTH: 774

<212> TYPE: PRT

<213> ORGANISM: Thermococcus thioreducens

<400> SEQUENCE: 44

Met Ile Leu Asp Ala Asp Tyr Ile Thr Glu Asp Gly Lys Pro Val Val
1 5 10 15

Arg Ile Phe Lys Lys Glu Asn Gly Glu Phe Lys Ile Glu Tyr Asp Arg
20 25 30

Glu Phe Glu Pro Tyr Ile Tyr Ala Leu Leu Arg Asp Asp Ser Ala Ile
35 40 45

Glu Glu Ile Lys Lys Ile Thr Ala Asp Arg His Gly Lys Val Val Lys
50 55 60

Val Lys Arg Ala Glu Lys Val Gln Lys Lys Phe Leu Gly Arg Pro Ile
65 70 75 80

Glu Val Trp Lys Leu Tyr Phe Thr His Pro Gln Asp Val Pro Ala Ile
85 90 95

Arg Asp Glu Ile Arg Lys His Pro Ala Val Val Asp Ile Tyr Glu Tyr
100 105 110

Asp Ile Pro Phe Ala Lys Arg Tyr Leu Ile Asp Lys Gly Leu Ile Pro
115 120 125

Met Glu Gly Asp Glu Glu Leu Lys Met Leu Ala Phe Asp Ile Glu Thr
130 135 140

Leu Tyr His Glu Gly Glu Glu Phe Gly Thr Gly Pro Ile Leu Met Ile
145 150 155 160

Ser Tyr Ala Asp Glu Asp Gly Ala Arg Val Ile Thr Trp Lys Lys Ile
165 170 175

Asp Leu Pro Tyr Val Asp Val Val Ser Thr Glu Lys Glu Met Ile Lys
180 185 190

Arg Phe Leu Lys Val Val Lys Glu Lys Asp Pro Asp Val Leu Ile Thr
195 200 205

Tyr Asn Gly Asp Asn Phe Asp Phe Ala Tyr Leu Lys Lys Arg Cys Glu
210 215 220

Lys Leu Gly Ile Lys Phe Thr Leu Gly Arg Asp Gly Ser Glu Pro Lys
225 230 235 240

Ile Gln Arg Met Gly Asp Arg Phe Ala Val Glu Val Lys Gly Arg Ile
245 250 255

His Phe Asp Leu Tyr Pro Leu Ile Arg Arg Thr Ile Asn Leu Pro Thr
260 265 270

Tyr Thr Leu Glu Ala Val Tyr Glu Ala Val Phe Gly Lys Pro Lys Glu
275 280 285

Lys Val Tyr Ala Glu Glu Ile Ala Leu Ala Trp Glu Ser Gly Glu Gly
290 295 300

Leu Glu Arg Val Ala Arg Tyr Ser Met Glu Asp Ala Lys Val Thr Phe
305 310 315 320

Glu Leu Gly Arg Glu Phe Phe Pro Met Glu Ala Gln Leu Ser Arg Leu
325 330 335

Ile Gly Gln Ser Leu Trp Asp Val Ser Arg Ser Ser Thr Gly Asn Leu
340 345 350
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119

-continued

120

Pro

Ala

385

Asn

Arg

Ile

Arg

465

Tyr

Tyr

Glu

His

545

Met

Leu

Lys

Glu

Arg

625

Arg

Pro

Tyr

Arg

Lys

705

Asp

Asp

Glu

Asn

370

Gly

Tyr

Val

Ala

Pro

450

Lys

Arg

Gly

Thr

Glu

530

Ala

Glu

Glu

Tyr

Ile

610

Val

Ile

Glu

Arg

Gly

690

Gly

Pro

Leu

Asp

Trp

355

Lys

Gly

Leu

Ser

Pro

435

Ser

Met

Gln

Tyr

Ala

515

Lys

Thr

Phe

Tyr

Ala

595

Val

Leu

Val

Lys

Ala

675

Ile

Ser

Thr

Pro

Leu
755

Phe

Pro

Tyr

Asp

Pro

420

Gln

Leu

Lys

Arg

Ala

500

Trp

Phe

Ile

Leu

Glu

580

Val

Arg

Glu

Lys

Leu

660

Thr

Lys

Gly

Lys

Ala
740

Arg

Leu

Asn

Val

Phe

405

Asp

Val

Leu

Ala

Ala

485

Arg

Gly

Gly

Pro

Lys

565

Gly

Ile

Arg

Ala

Glu

645

Val

Gly

Ile

Arg

His

725

Val

Tyr

Leu

Glu

Lys

390

Arg

Thr

Gly

Gly

Thr

470

Ile

Ala

Arg

Phe

Gly

550

Tyr

Phe

Asp

Asp

Ile

630

Val

Ile

Pro

Arg

Ile
710
Lys

Glu

Gln

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Leu Ala Arg Arg Arg Gly Gly
375 380

Glu Pro Glu Arg Gly Leu Trp Asp Asn
395

Ser Leu Tyr Pro Ser Ile Ile Ile Thr
410 415

Leu Asn Arg Glu Gly Cys Lys Glu Tyr
425 430

His Lys Phe Cys Lys Asp Val Pro Gly
440 445

Ser Leu Leu Asp Glu Arg Gln Lys Ile
455 460

Ile Asp Pro Ile Glu Lys Lys Leu Leu
475

Lys Ile Leu Ala Asn Ser Tyr Tyr Gly
490 495

Arg Trp Tyr Cys Arg Glu Cys Ala Glu
505 510

Glu Tyr Ile Glu Met Ala Ile Arg Glu
520 525

Lys Val Leu Tyr Ala Asp Thr Asp Gly
535 540

Ala Asp Ala Glu Thr Val Lys Lys Lys
555

Ile Asn Pro Lys Leu Pro Gly Leu Leu
570 575

Tyr Ala Arg Gly Phe Phe Val Thr Lys
585 590

Glu Glu Gly Lys Ile Thr Thr Arg Gly
600 605

Trp Ser Glu Ile Ala Lys Glu Thr Gln
615 620

Leu Arg His Gly Asp Val Glu Glu Ala
635

Thr Glu Lys Leu Ser Lys Tyr Glu Val
650 655

His Glu Gln Ile Thr Arg Glu Leu Lys
665 670

His Val Ala Ile Ala Lys Arg Leu Ala
680 685

Pro Gly Thr Val Ile Ser Tyr Ile Val
695 700

Gly Asp Arg Ala Ile Pro Phe Asp Glu
715

Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn
730 735

Arg Val Leu Lys Ala Phe Gly Tyr Arg
745 750

Lys Thr Arg Gln Val Gly Leu Gly Ala
760 765

Ala

Tyr

Ile

400

His

Asp

Phe

Lys

Asp

480

Tyr

Ser

Leu

Leu

Ala

560

Glu

Lys

Leu

Ala

Val

640

Pro

Asp

Lys

Leu

Phe

720

Gln

Lys

Trp
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-continued

122

Leu Lys Val Lys Lys Arg
770

<210> SEQ ID NO 45
<211> LENGTH: 773
<212> TYPE: PRT

<213> ORGANISM: Thermococcus walotapuensis

<400> SEQUENCE: 45

Met Ile Leu Asp Ala Asp Tyr
1 5

Arg Val Phe Lys Lys Glu Lys
20

Asp Phe Glu Pro Tyr Ile Tyr
35

Glu Asp Ile Lys Lys Ile Thr
50 55

Val Thr Arg Ala Glu Arg Val
65 70

Glu Val Trp Lys Leu Tyr Phe
85

Arg Asp Lys Ile Arg Glu His
100

Asp Ile Pro Phe Ala Lys Arg
115

Met Glu Gly Asn Glu Glu Leu
130 135

Leu Tyr His Glu Gly Glu Glu
145 150

Ser Tyr Ala Asp Glu Glu Gly
165

Asp Leu Pro Tyr Val Glu Ser
180

Arg Phe Leu Lys Val Ile Gln
195

Tyr Asn Gly Asp Asn Phe Asp
210 215

Thr Leu Gly Val Lys Phe Ile
225 230

Ile Gln Arg Met Gly Asp Arg
245

His Phe Asp Leu Tyr Pro Val
260

Tyr Thr Leu Glu Thr Val Tyr
275

Lys Val Tyr Ala Glu Glu Ile
290 295

Leu Glu Arg Val Ala Arg Tyr
305 310

Glu Leu Gly Lys Glu Phe Phe
325

Val Gly Gln Ser Leu Trp Asp
340

Val Glu Trp Phe Leu Leu Arg
355

Ile

Gly

Ala

40

Ala

Lys

Thr

Pro

Tyr

120

Arg

Phe

Ala

Val

Glu

200

Phe

Leu

Phe

Ile

Glu

280

Ala

Ser

Pro

Val

Lys
360

Thr

Glu

25

Leu

Glu

Lys

His

Ala

105

Leu

Met

Gly

Arg

Ser

185

Lys

Ala

Gly

Ala

Arg

265

Ala

Gln

Met

Met

Ser
345

Ala

Glu

10

Phe

Leu

Arg

Lys

Pro

90

Val

Ile

Leu

Glu

Val

170

Thr

Asp

Tyr

Arg

Val

250

Arg

Ile

Ala

Glu

Glu
330

Arg

Tyr

Asp

Lys

Lys

His

Phe

75

Gln

Val

Asp

Ala

Gly

155

Ile

Glu

Pro

Leu

Asp

235

Glu

Thr

Phe

Trp

Asp

315

Ala

Ser

Glu

Gly

Ile

Asp

Gly

60

Leu

Asp

Asp

Lys

Phe

140

Pro

Thr

Lys

Asp

Lys

220

Gly

Val

Ile

Gly

Glu

300

Ala

Gln

Ser

Arg

Lys

Asn

Asp

45

Thr

Gly

Val

Ile

Gly

125

Asp

Ile

Trp

Glu

Val

205

Lys

Ser

Lys

Asn

Gln

285

Ser

Lys

Leu

Thr

Asn
365

Pro

Tyr

30

Ser

Thr

Arg

Pro

Tyr

110

Leu

Ile

Leu

Lys

Met

190

Leu

Arg

Glu

Gly

Leu

270

Pro

Gly

Ala

Ser

Gly
350

Glu

Val

Asp

Ala

Val

Pro

Ala

95

Glu

Ile

Glu

Met

Asn

175

Ile

Ile

Ser

Pro

Arg

255

Pro

Lys

Glu

Thr

Arg
335

Asn

Leu

Ile

Arg

Ile

Arg

Val

Ile

Tyr

Pro

Thr

Ile

160

Ile

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala
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123

-continued

124

Pro
Ala

385

Asn

Ile
Lys
465

Tyr

Tyr

Glu

Phe

545

Lys

Leu

Lys

Glu

Arg

625

Arg

Pro

Tyr

Arg

Lys

705

Asp

Glu

Leu

Asn

370

Gly

Tyr

Val

Ala

Pro

450

Lys

Arg

Gly

Thr

Glu

530

Ala

Glu

Glu

Tyr

Ile

610

Val

Ile

Glu

Arg

Gly

690

Gly

Pro

Leu

Asp

Lys
770

Lys

Gly

Leu

Ser

Pro

435

Ser

Met

Gln

Tyr

Ala

515

Lys

Thr

Phe

Tyr

Ala

595

Val

Leu

Val

Lys

Ala

675

Ile

Pro

Ala

Pro

Leu

755

Pro

Pro

Tyr

Asp

Pro

420

Gln

Leu

Lys

Arg

Ala

500

Trp

Phe

Ile

Leu

Glu

580

Val

Arg

Glu

Lys

Leu

660

Thr

Lys

Gly

Lys

Ala
740

Arg

Lys

Asp

Val

Tyr

405

Asp

Val

Leu

Ala

Ala

485

Asn

Gly

Gly

Pro

Asn

565

Gly

Ile

Arg

Ala

Glu

645

Val

Gly

Ile

Arg

His

725

Val

Tyr

Thr

Glu

Lys

390

Lys

Thr

Gly

Gly

Thr

470

Ile

Ala

Arg

Phe

Gly

550

Tyr

Phe

Asp

Asp

Ile

630

Val

Ile

Pro

Arg

Val
710
Arg

Glu

Gln

Arg Glu Leu Ala Arg Arg Ala Glu Ser
375 380

Glu Pro Glu Lys Gly Leu Trp Glu Asn
395

Ser Leu Tyr Pro Ser Ile Ile Ile Thr
410 415

Leu Asn Arg Glu Gly Cys Arg Glu Tyr
425 430

His Arg Phe Cys Lys Asp Phe Pro Gly
440 445

Asp Leu Leu Glu Glu Arg Gln Lys Val
455 460

Val Asp Pro Ile Glu Arg Lys Leu Leu
475

Lys Ile Leu Ala Asn Ser Tyr Tyr Gly
490 495

Arg Trp Tyr Cys Arg Glu Cys Ala Glu
505 510

Gln Tyr Ile Glu Thr Thr Met Arg Glu
520 525

Lys Val Leu Tyr Ala Asp Thr Asp Gly
535 540

Ala Asp Ala Glu Thr Val Lys Lys Lys
555

Ile Asn Pro Arg Leu Pro Gly Leu Leu
570 575

Tyr Arg Arg Gly Phe Phe Val Thr Lys
585 590

Glu Glu Asp Lys Ile Thr Thr Arg Gly
600 605

Trp Ser Glu Ile Ala Lys Glu Thr Gln
615 620

Leu Lys His Gly Asp Val Glu Glu Ala
635

Thr Glu Lys Leu Ser Arg Tyr Glu Val
650 655

Tyr Glu Gln Ile Thr Arg Asn Leu Arg
665 670

His Val Ala Val Ala Lys Arg Leu Ala
680 685

Pro Gly Thr Val Ile Ser Tyr Ile Val
695 700

Gly Asp Arg Ala Ile Pro Phe Asp Glu
715

Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn
730 735

Arg Ile Leu Arg Ala Phe Gly Tyr Arg
745 750

Lys Thr Lys Gln Ala Gly Leu Gly Ala
760 765

Tyr

Ile

400

His

Asp

Phe

Lys

Asp

480

Tyr

Ser

Ile

Phe

Thr

560

Glu

Lys

Leu

Ala

Val

640

Pro

Asp

Ala

Leu

Phe

720

Gln

Lys

Trp
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-continued

126

<210> SEQ ID NO 46

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Thermococcus sibiricus

PRT

<400> SEQUENCE:

Met
1

Asp

Ile

65

Lys

Arg

Asp

Met

Phe

145

Ser

Asp

Arg

Tyr

Lys

225

Pro

Arg

Pro

Lys

Glu

305

Thr

Lys

Asn

Leu

Ile

Ile

Phe

Glu

50

Val

Val

Asn

Ile

Glu

130

Tyr

Tyr

Leu

Phe

Asn

210

Leu

Lys

Ile

Thr

Ser

290

Gly

Tyr

Leu

Leu

Ala
370

Leu

Phe

Gln

35

Ile

Asp

Trp

Lys

Pro

115

Gly

His

Ala

Pro

Ile

195

Gly

Gly

Ile

His

Tyr

275

Lys

Leu

Glu

Ile

Val
355

Pro

Gly

Lys

20

Pro

Lys

Ala

Lys

Ile

100

Phe

Asp

Glu

Asp

Tyr

180

Gln

Asp

Leu

Gln

Phe

260

Thr

Leu

Lys

Leu

Gly
340

Glu

Asn

774

46

Ala

Lys

Tyr

Gln

Val

Leu

85

Arg

Ala

Glu

Gly

Glu

165

Val

Ile

Asn

Arg

Arg

245

Asp

Leu

Gly

Lys

Gly

325

Gln

Trp

Arg

Asp

Glu

Ile

Ile

Lys

70

Ile

Glu

Lys

Glu

Asp

150

Glu

Asp

Ile

Phe

Leu

230

Met

Leu

Glu

Ala

Leu

310

Arg

Ser

Tyr

Pro

Tyr

Asn

Tyr

Lys

55

Val

Leu

His

Arg

Leu

135

Glu

Gly

Val

Lys

Asp

215

Ile

Gly

Phe

Ala

Glu

295

Ala

Glu

Val

Met

Ser
375

Ile

Gly

Ala

40

Gly

Glu

Glu

Pro

Tyr

120

Lys

Phe

Ala

Val

Glu

200

Leu

Leu

Asn

Pro

Val

280

Glu

Gln

Phe

Trp

Leu
360

Asp

Thr

Glu

25

Leu

Glu

Lys

His

Ala

105

Leu

Met

Gly

Arg

Ser

185

Lys

Pro

Ser

Ser

Val

265

Tyr

Ile

Tyr

Phe

Asp
345

Arg

Glu

Lys

10

Phe

Leu

Arg

Lys

Pro

90

Val

Ile

Leu

Lys

Val

170

Asn

Asp

Tyr

Arg

Phe

250

Val

Glu

Ala

Ser

Pro

330

Val

Val

Glu

Asp

Lys

Ser

His

Phe

75

Gln

Gln

Asp

Ala

Gly

155

Ile

Glu

Pro

Leu

Asp

235

Ala

Lys

Thr

Ala

Met

315

Met

Ser

Ala

Tyr

Gly

Ile

Glu

Gly

60

Leu

Asp

Asp

Asn

Phe

140

Glu

Thr

Arg

Asp

Ile

220

Asn

Val

Arg

Val

Ile

300

Glu

Glu

Arg

Tyr

Lys
380

Lys

Glu

Asp

45

Lys

Lys

Val

Ile

Gly

125

Asp

Ile

Trp

Glu

Val

205

Lys

Glu

Glu

Ala

Leu

285

Trp

Asp

Val

Ser

Glu
365

Arg

Pro

Leu

30

Ser

Thr

Lys

Pro

Tyr

110

Leu

Ile

Ile

Lys

Met

190

Ile

Arg

Asn

Ile

Val

270

Gly

Glu

Ala

Glu

Ser
350

Arg

Arg

Ile

15

Asp

Ala

Val

Pro

Ala

Glu

Ile

Glu

Met

Asn

175

Ile

Ile

Ala

Pro

Lys

255

Asn

Lys

Thr

Lys

Leu

335

Thr

Asn

Leu

Val

Pro

Ile

Arg

Val

80

Ile

Tyr

Pro

Thr

Ile

160

Ile

Lys

Thr

Glu

Val

240

Gly

Leu

His

Glu

Ala

320

Ala

Gly

Glu

Arg
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127

-continued

128

Thr
385

Glu

Asn

Ser

Lys

465

Met

Tyr

Ala

Arg

Asp

545

Lys

Leu

Thr

Arg

Thr

625

Lys

Lys

Leu

Leu

Ile

705

Thr

Glu

Tyr

Glu

Thr

Asn

Thr

Tyr

Gly

450

Ile

Leu

Gly

Glu

Glu

530

Gly

Lys

Leu

Lys

Gly

610

Gln

Ala

Val

Arg

Ala

690

Val

Glu

Asn

Arg

Ser
770

Tyr

Ile

His

Asp

435

Phe

Lys

Asp

Tyr

Ser

515

Ile

Phe

Ala

Glu

Lys

595

Leu

Ala

Val

Pro

Asp

675

Ala

Leu

Tyr

Gln

Lys
755

Trp

Leu

Ile

Asn

420

Val

Ile

Lys

Tyr

Met

500

Val

Glu

Tyr

Lys

Leu

580

Arg

Glu

Arg

Glu

Leu

660

Tyr

Lys

Arg

Asp

Val
740

Glu

Leu

Gly

Tyr

405

Val

Ala

Pro

Glu

Arg

485

Gly

Thr

Glu

Ala

Glu

565

Glu

Tyr

Val

Val

Ile

645

Glu

Lys

Gly

Gly

Pro
725
Leu

Asp

Lys

<210> SEQ ID NO 47

<211> LENGTH:

775

Gly

390

Leu

Ser

Pro

Ser

Met

470

Gln

Tyr

Ala

Lys

Thr

550

Phe

Tyr

Ala

Val

Leu

630

Val

Lys

Ala

Ile

Ser

710

Arg

Pro

Leu

Lys

Tyr Val Lys Glu Pro Glu Arg Gly Leu
395

Asp Phe Arg Ser Leu Tyr Pro Ser Ile
410 415

Pro Asp Thr Leu Glu Arg Lys Gly Cys
425 430

Ile Val Gly Tyr Lys Phe Cys Lys Asp
440 445

Ile Leu Glu Asp Leu Ile Glu Thr Arg
455 460

Lys Ser Thr Ile Asp Pro Ile Lys Lys
475

Arg Ala Val Lys Leu Leu Ala Asn Ser
490 495

Pro Lys Ala Arg Trp Tyr Ser Lys Glu
505 510

Trp Gly Arg His Tyr Ile Glu Met Thr
520 525

Phe Gly Phe Lys Val Leu Tyr Ala Asp
535 540

Ile Pro Gly Ala Asp Pro Glu Thr Ile
555

Leu Asn Tyr Ile Asn Ser Lys Leu Pro
570 575

Glu Gly Phe Tyr Leu Arg Gly Phe Phe
585 590

Val Ile Asp Glu Glu Glu Lys Ile Thr
600 605

Arg Arg Asp Trp Ser Glu Ile Ala Lys
615 620

Glu Ala Ile Leu Arg Glu Gly Ser Val
635

Lys Glu Val Val Glu Ala Ile Thr Lys
650 655

Leu Ile Ile His Glu Gln Ile Thr Arg
665 670

Val Gly Pro His Val Ala Ile Ala Lys
680 685

Lys Ile Lys Pro Gly Thr Ile Ile Ser
695 700

Gly Lys Ile Ser Asp Arg Val Val Leu
715

Lys His Lys Tyr Asp Pro Asp Tyr Tyr
730 735

Ala Val Leu Arg Ile Leu Glu Ala Phe
745 750

Lys Tyr Gln Ser Ser Lys Gln Thr Gly
760 765

Trp

400

Ile

Gln

Phe

Gln

Lys

480

Tyr

Cys

Ile

Thr

Lys

560

Gly

Val

Thr

Glu

Glu

640

Tyr

Glu

Arg

Tyr

Leu

720

Ile

Gly

Leu
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129

-continued

130

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Arg

Asn

Asp

Ile

65

Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Met

Tyr

Lys

Leu

305

Glu

Pro

Tyr
385

Ile

Ile

Phe

Glu

50

Val

Val

Asp

Ile

Glu

130

Tyr

Tyr

Leu

Phe

Asn

210

Leu

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn
370

Ala

Leu

Phe

Arg

Val

Asp

Trp

Lys

Pro

115

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp
355

Lys

Gly

Asp

Lys

20

Pro

Lys

Val

Lys

Ile

100

Phe

Asp

Glu

Asp

Tyr

180

Lys

Asp

Ile

Leu

Leu

260

Glu

Ala

Val

Arg

Pro
340
Tyr

Pro

Gly

Pyrococcus glycovorans

47

Ala Asp Tyr Ile Thr Glu Asp Gly Lys Pro Ile
Lys Glu Asn Gly Glu Phe Lys Val Glu Tyr Asp

25 30
Tyr Ile Tyr Ala Leu Leu Lys Asp Asp Ser Gln
Lys Ile Thr Ala Glu Arg His Gly Lys Ile Val
55 60

Glu Lys Val Lys Lys Lys Phe Leu Gly Arg Pro
70 75

Leu Tyr Phe Glu His Pro Gln Asp Val Pro Ala
85 90 95

Arg Glu His Pro Ala Val Val Asp Ile Phe Glu
105 110

Ala Lys Arg Tyr Leu Ile Asp Lys Gly Leu Ile
120 125

Glu Glu Leu Lys Leu Leu Ala Phe Asp Ile Glu
135 140

Gly Glu Glu Phe Ala Lys Gly Pro Ile Ile Met
150 155

Glu Glu Gly Ala Lys Val Ile Thr Trp Lys Lys
165 170 175

Val Glu Val Val Ser Ser Glu Arg Glu Met Ile
185 190

Val Ile Arg Glu Lys Asp Pro Asp Val Ile Ile
200 205

Ser Phe Asp Leu Pro Tyr Leu Val Lys Arg Ala
215 220

Lys Leu Pro Leu Gly Arg Asp Gly Ser Glu Pro
230 235

Gly Asp Met Thr Ala Val Glu Ile Lys Gly Arg
245 250 255

Tyr His Val Ile Arg Arg Thr Ile Asn Leu Pro
265 270

Ala Val Tyr Glu Ala Ile Phe Gly Lys Pro Lys
280 285

His Glu Ile Ala Glu Ala Trp Glu Thr Gly Lys
295 300

Ala Lys Tyr Ser Met Glu Asp Ala Lys Val Thr
310 315

Glu Phe Phe Pro Met Glu Ala Gln Leu Ser Arg
325 330 335

Leu Trp Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Leu Leu Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Asp Glu Arg Glu Tyr Glu Arg Arg Leu Arg Glu
375 380

Tyr Val Lys Glu Pro Glu Lys Gly Leu Trp Glu
390 395

Ile

Arg

Ile

Arg

Ile

80

Ile

Tyr

Pro

Thr

Ile

160

Val

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala

Ser

Gly
400
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131

-continued

132

Leu

Asp

Phe

Lys

465

Asp

Tyr

Ser

Leu

Leu

545

Ala

Glu

Lys

Leu

Ala

625

Pro

Glu

Ala

Leu

705

Phe

Gln

Lys

Trp

Val

Asn

Val

Ile

450

Arg

Tyr

Tyr

Val

Glu

530

Tyr

Leu

Leu

Lys

Glu

610

Lys

Lys

Pro

Tyr

Arg

690

Arg

Asp

Val

Glu

Leu
770

Ser

Val

Ala

435

Pro

Arg

Arg

Gly

Thr

515

Glu

Ala

Glu

Glu

Tyr

595

Ile

Val

Ile

Glu

Lys

675

Gly

Gly

Pro

Leu

Asp
755

Asn

Leu

Ser

420

Pro

Ser

Met

Gln

Tyr

500

Ala

Lys

Thr

Phe

Tyr

580

Ala

Val

Leu

Val

Lys

660

Ala

Val

Asp

Arg

Pro
740

Leu

Val

Asp

405

Pro

Glu

Leu

Lys

Arg

485

Ala

Trp

Phe

Ile

Val

565

Glu

Leu

Arg

Glu

Lys

645

Leu

Ile

Lys

Gly

Lys

725

Ala

Arg

Lys

<210> SEQ ID NO 48

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Pyrococcus sp. NA2

PRT

775

Phe

Asp

Val

Leu

Ala

470

Ala

Lys

Gly

Gly

Pro

550

Glu

Gly

Ile

Arg

Ala

630

Glu

Val

Gly

Val

Pro

710

His

Val

Trp

Lys

Arg Ser Leu Tyr Pro Ser Ile Ile Ile
410 415

Thr Leu Asn Arg Glu Gly Cys Met Glu
425 430

Lys His Lys Phe Cys Lys Asp Phe Pro
440 445

Lys Arg Leu Leu Asp Glu Arg Gln Glu
455 460

Ser Lys Asp Pro Ile Glu Lys Lys Met
475

Ile Lys Ile Leu Ala Asn Ser Tyr Tyr
490 495

Ala Arg Trp Tyr Cys Lys Glu Cys Ala
505 510

Arg Glu Tyr Ile Glu Phe Val Arg Lys
520 525

Phe Lys Val Leu Tyr Ile Asp Thr Asp
535 540

Gly Ala Lys Pro Glu Glu Ile Lys Arg
555

Tyr Ile Asn Ala Lys Leu Pro Gly Leu
570 575

Phe Tyr Val Arg Gly Phe Phe Val Thr
585 590

Asp Glu Glu Gly Lys Ile Ile Thr Arg
600 605

Asp Trp Ser Glu Ile Ala Lys Glu Thr
615 620

Ile Leu Lys His Gly Asn Val Glu Glu
635

Val Thr Glu Lys Leu Ser Lys Tyr Glu
650 655

Ile Tyr Glu Gln Ile Thr Arg Pro Leu
665 670

Pro His Val Ala Val Ala Lys Arg Leu
680 685

Arg Pro Gly Met Val Ile Gly Tyr Ile
695 700

Ile Ser Lys Arg Ala Ile Leu Ala Glu
715

Lys Tyr Asp Ala Glu Tyr Tyr Ile Glu
730 735

Leu Arg Ile Leu Glu Ala Phe Gly Tyr
745 750

Gln Lys Thr Lys Gln Thr Gly Leu Thr
760 765

Lys
775

Thr

Tyr

Gly

Ile

Leu

480

Gly

Glu

Glu

Gly

Lys

560

Leu

Lys

Gly

Gln

Ala

640

Ile

His

Ala

Val

Glu

720

Asn

Arg

Ala
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133

-continued

134

<400> SEQUENCE:

Met

1

Arg

Asn

Asp

65

Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Met

Tyr

Lys

Leu

305

Glu

Pro

Tyr
385

Ile

Ile

Leu

Phe

Asp

Ile

Val

Asp

Ile

Glu

130

Tyr

Tyr

Leu

Leu

Asn

210

Leu

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn
370

Glu

Val

Leu

Phe

Arg

35

Val

Asp

Trp

Lys

Pro

115

Gly

His

Ala

Pro

Ile

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp
355
Lys

Gly

Ser

Asp

Lys

20

Pro

Arg

Val

Lys

Ile

100

Phe

Asn

Glu

Asp

Tyr

180

Lys

Asp

Met

Leu

Leu

260

Glu

Pro

Val

Lys

Pro

340

Tyr

Pro

Gly

Leu

Ala

Lys

Tyr

Lys

Glu

Leu

85

Arg

Ala

Glu

Gly

Glu

165

Val

Val

Asn

Lys

Gly

245

Phe

Ala

His

Ala

Glu

325

Leu

Leu

Asp

Tyr

Asp
405

Asp

Glu

Ile

Ile

Lys

70

Tyr

Glu

Lys

Glu

Glu

150

Glu

Glu

Ile

Phe

Leu

230

Asp

Pro

Val

Glu

Lys

310

Phe

Trp

Leu

Glu

Val
390

Phe

Tyr Ile Thr Glu Asp Gly Lys Pro Ile
10 15

Asn Gly Arg Phe Lys Val Glu Tyr Asp
25 30

Tyr Ala Leu Leu Lys Asp Asp Ser Ala
40 45

Thr Ser Glu Arg His Gly Lys Val Val
55 60

Val Lys Lys Lys Phe Leu Gly Arg Pro
75

Phe Glu His Pro Gln Asp Val Pro Ala
90 95

His Pro Ala Val Ile Asp Ile Phe Glu
105 110

Arg Tyr Leu Ile Asp Lys Gly Leu Ile
120 125

Leu Thr Phe Leu Ala Val Asp Ile Glu
135 140

Glu Phe Gly Lys Gly Pro Ile Ile Met
155

Gly Ala Lys Val Ile Thr Trp Lys Lys
170 175

Val Val Ala Asn Glu Arg Glu Met Ile
185 190

Arg Glu Lys Asp Pro Asp Val Ile Ile
200 205

Asp Phe Pro Tyr Leu Leu Lys Arg Ala
215 220

Pro Leu Gly Arg Asp Asn Ser Glu Pro
235

Ser Leu Ala Val Glu Ile Lys Gly Arg
250 255

Val Ile Arg Arg Thr Ile Asn Leu Pro
265 270

Tyr Glu Ala Ile Phe Gly Lys Gln Lys
280 285

Ile Ala Glu Ala Trp Glu Thr Gly Lys
295 300

Tyr Ser Met Glu Asp Ala Lys Val Thr
315

Phe Pro Met Glu Ala Gln Leu Ala Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Tyr Glu Arg Arg Leu Arg Glu
375 380

Lys Glu Pro Glu Arg Gly Leu Trp Glu
395

Arg Ser Leu Tyr Pro Ser Ile Ile Ile
410 415

Ile

Arg

Ile

Arg

Ile

80

Met

Tyr

Pro

Thr

Ile

160

Ile

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala

Ser

Gly
400

Thr
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135 136

-continued

His Asn Val Ser Pro Asp Thr Leu Asn Lys Glu Gly Cys Gly Glu Tyr
420 425 430

Asp Glu Ala Pro Glu Val Gly His Arg Phe Cys Lys Asp Phe Pro Gly
435 440 445

Phe Ile Pro Ser Leu Leu Gly Ser Leu Leu Glu Glu Arg Gln Lys Ile
450 455 460

Lys Lys Arg Met Lys Glu Ser Lys Asp Pro Val Glu Arg Lys Leu Leu
465 470 475 480

Asp Tyr Arg Gln Arg Ala Ile Lys Ile Leu Ala Asn Ser Phe Tyr Gly
485 490 495

Tyr Tyr Gly Tyr Ala Lys Ala Arg Trp Tyr Cys Lys Glu Cys Ala Glu
500 505 510

Ser Val Thr Ala Trp Gly Arg Gln Tyr Ile Glu Leu Val Arg Arg Glu
515 520 525

Leu Glu Glu Arg Gly Phe Lys Val Leu Tyr Ile Asp Thr Asp Gly Leu
530 535 540

Tyr Ala Thr Ile Pro Gly Glu Lys Asn Trp Glu Glu Ile Lys Arg Arg
545 550 555 560

Ala Leu Glu Phe Val Asn Tyr Ile Asn Ser Lys Leu Pro Gly Ile Leu
565 570 575

Glu Leu Glu Tyr Glu Gly Phe Tyr Thr Arg Gly Phe Phe Val Thr Lys
580 585 590

Lys Lys Tyr Ala Leu Ile Asp Glu Glu Gly Lys Ile Val Thr Arg Gly
595 600 605

Leu Glu Ile Val Arg Arg Asp Trp Ser Glu Ile Ala Lys Glu Thr Gln
610 615 620

Ala Lys Val Leu Glu Ala Ile Leu Lys His Gly Asn Val Glu Glu Ala
625 630 635 640

Val Lys Ile Val Lys Glu Val Thr Glu Lys Leu Ser Asn Tyr Glu Ile
645 650 655

Pro Val Glu Lys Leu Val Ile Tyr Glu Gln Ile Thr Arg Pro Leu Asn
660 665 670

Glu Tyr Lys Ala Ile Gly Pro His Val Ala Val Ala Lys Arg Leu Ala
675 680 685

Ala Lys Gly Ile Lys Ile Lys Pro Gly Met Val Ile Gly Tyr Val Val
690 695 700

Leu Arg Gly Asp Gly Pro Ile Ser Lys Arg Ala Ile Ala Ile Glu Glu
705 710 715 720

Phe Asp Gly Lys Lys His Lys Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn
725 730 735

Gln Val Leu Pro Ala Val Glu Arg Ile Leu Lys Ala Phe Gly Tyr Lys
740 745 750

Arg Glu Asp Leu Arg Trp Gln Lys Thr Lys Gln Val Gly Leu Gly Ala
755 760 765

Trp Leu Lys Val Lys Lys Ser

770 775

<210> SEQ ID NO 49

<211> LENGTH: 785

<212> TYPE: PRT

<213> ORGANISM: Ferroglobus placidus

<400> SEQUENCE: 49

Met Glu Gly Trp Leu Leu Asp Ala Asp Tyr Ile Thr Ala Glu Asp Gly
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137

-continued

138

Gly

Gly

Gly

Ala

Cys

Leu

145

Pro

Gly

Cys

Leu

Gly

225

Glu

Ser

Leu

Asn

Ala

305

Leu

Glu

Thr

Leu

Glu
385

Gly

Ser

Ala

Val

Leu

50

Val

Lys

Pro

Asp

Met

130

Lys

Glu

Met

Gly

Arg

210

Tyr

Lys

Phe

Tyr

Val

290

Lys

Lys

Leu

Asp

Leu
370
Val

Leu

Ile

Val

Tyr

35

Ser

Ile

Glu

Lys

Ile

115

Asp

Val

Pro

Pro

Asp

195

Phe

Asn

Leu

Arg

Asp

275

Ala

Asp

Tyr

Leu

Asp

355

Ser

Glu

His

Met

Val

20

Asp

Lys

Lys

Val

Leu

100

Pro

Gly

Ile

Lys

Asp

180

Phe

Val

Gln

Ser

Gly

260

Ile

Glu

Ile

Ser

Pro

340

Val

Glu

Glu

Lys

Ile
420

Arg

Arg

Glu

Pro

Glu

85

Arg

Phe

Ile

Asp

Val

165

Pro

Glu

Glu

Asp

Val

245

Gly

Ala

Phe

Tyr

Lys

325

Met

Ala

Ala

Ser

Asn
405

Ala

Leu

Asn

Asp

Phe

70

Val

Glu

Ala

Arg

Ala

150

Leu

Glu

Glu

Ile

Asn

230

Lys

Arg

Met

Leu

Lys

310

Gln

His

Arg

Tyr

Tyr

390

Val

Tyr

10 15

Trp Cys Lys Asp Phe Asp Gly Asn Thr
25 30

Phe Gln Pro Tyr Phe Tyr Ala Phe Lys
40 45

Ile Glu Lys Ile Val Val Lys Ser Arg
55 60

Lys Val Glu Glu Val Arg Arg Lys Val
75

Phe Lys Ile Tyr Ala Tyr His Pro Gln
90 95

Glu Leu Lys Lys Ile Thr Glu Val Arg
105 110

Tyr Arg Tyr Leu Ile Asp Lys Asp Leu
120 125

Val Glu Gly Lys Val Arg Glu Glu Arg
135 140

Glu His Val Glu Arg Phe Glu Ile Pro
155

Ala Phe Asp Cys Glu Met Leu Thr Glu
170 175

Lys Asp Lys Ile Ile Ile Ile Gly Val
185 190

Ile Ile Thr Gly Asn Glu Arg Glu Ile
200 205

Ile Lys Glu Gln Asp Pro Asp Val Ile
215 220

Phe Asp Trp Pro Tyr Ile Arg Lys Arg
235

Leu Asn Ile Gly Arg Asp Gly Ser Glu
250 255

Pro Lys Ile Ala Gly Arg Leu Asn Val
265 270

Lys Leu Asp Val Lys Val Lys Thr Leu
280 285

Gly Arg Lys Val Glu Leu Ala Asp Ile
295 300

Arg Trp Thr Ser Gly Asp Lys Glu Ser
315

Asp Val Leu Asn Thr Tyr Phe Ile Ala
330 335

Tyr Glu Leu Ser Arg Met Ile Arg Ile
345 350

Ile Gly Arg Gly Lys Gln Val Asp Trp
360 365

Lys Ile Gly Glu Ile Ala Pro Asn Pro
375 380

Glu Gly Ala Phe Val Leu Glu Pro Ser
395

Val Cys Leu Asp Phe Ala Ser Met Tyr
410 415

Asn Ile Ser Pro Asp Thr Tyr Val Phe
425 430

Phe

Asn

Glu

Phe

80

His

Glu

Ala

Gly

Leu

160

Leu

Lys

Leu

Val

Ala

240

Ile

Asp

Glu

Glu

Val

320

Glu

Pro

Phe

Ala

Arg
400

Pro

Gly
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139 140

-continued

Lys Cys Asp Asp Cys Tyr Val Ala Pro Glu Val Gly His Lys Phe Arg
435 440 445

Lys His Pro Asp Gly Phe Phe Lys Arg Ile Leu Lys Met Leu Ile Glu
450 455 460

Lys Arg Arg Glu Ile Lys Asn Gln Met Lys Ser Leu Asp Arg Asn Ser
465 470 475 480

Arg Glu Tyr Leu Leu Leu Asn Ile Lys Gln Gln Thr Leu Lys Ile Leu
485 490 495

Thr Asn Ser Phe Tyr Gly Tyr Thr Gly Trp Ser Gly Ala Arg Trp Tyr
500 505 510

Cys Arg Gln Cys Ala Glu Ala Thr Thr Ala Trp Gly Arg His Leu Ile
515 520 525

Lys Ser Ala Val Glu Ile Ala Lys Lys Leu Gly Phe Glu Val Leu Tyr
530 535 540

Gly Asp Thr Asp Ser Ile Phe Val Lys Lys Gly Asn Leu Ser Leu Glu
545 550 555 560

Lys Ile Arg Gly Glu Val Glu Lys Leu Ile Glu Glu Ile Ser Glu Lys
565 570 575

Phe Pro Val Gln Ile Glu Val Asp Glu Tyr Tyr Lys Thr Ile Phe Phe
580 585 590

Val Glu Lys Lys Arg Tyr Ala Gly Leu Thr Glu Asp Gly Ile Leu Val
595 600 605

Val Lys Gly Leu Glu Val Arg Arg Gly Asp Trp Cys Glu Leu Ala Lys
610 615 620

Glu Val Gln Lys Lys Val Ile Glu Ile Ile Leu Lys Glu Glu Asn Pro
625 630 635 640

Glu Lys Ala Ala Glu Tyr Val Arg Lys Val Ile Asn Asp Ile Lys Ser
645 650 655

Gly Lys Val Lys Leu Glu Asp Val Val Ile Tyr Lys Gly Leu Thr Lys
660 665 670

Arg Pro Asp Lys Tyr Glu Ser Lys Gln Ala His Val Lys Ala Ala Leu
675 680 685

Arg Ala Met Glu Leu Gly Ile Val Tyr Asn Val Gly Ser Lys Val Gly
690 695 700

Phe Val Val Val Glu Gly Ala Gly Asn Val Gly Asp Arg Ala Tyr Pro
705 710 715 720

Ile Asp Leu Ile Glu Glu Phe Asp Gly Glu Asn Leu Val Ile Arg Thr
725 730 735

Arg Ser Gly Ser Ile Val Lys Lys Leu Asp Lys Asp Tyr Tyr Ile Asn
740 745 750

His Gln Ile Ile Pro Ser Val Leu Arg Ile Leu Glu Arg Phe Gly Tyr
755 760 765

Asn Glu Ala Ser Leu Lys Gly Ala Thr Gln Lys Thr Leu Asp Ala Phe
770 775 780

Trp
785

<210> SEQ ID NO 50

<211> LENGTH: 775

<212> TYPE: PRT

<213> ORGANISM: Palaeococcus ferrophilus

<400> SEQUENCE: 50

Met Ile Leu Asp Ala Asp Tyr Ile Thr Glu Asn Gly Lys Pro Val Val
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141

-continued

142

Arg

Asn

Glu

Ile

Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Ala

Tyr

Lys

225

Ile

Tyr

Lys

Leu

305

Glu

Ile

Pro

Ala
385

Asn

Ile

Phe

Glu

50

Thr

Val

Asp

Ile

Glu

130

Tyr

Tyr

Leu

Phe

Asn

210

Leu

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn
370
Gly

Tyr

Val

Phe

Glu

35

Ile

Lys

Trp

Lys

Pro

115

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Leu

Ser

Lys

20

Pro

Lys

Ala

Lys

Ile

100

Phe

Asp

Glu

Asp

Tyr

180

Arg

Asp

Val

Met

Leu

260

Glu

Ala

Val

Lys

Pro

340

Phe

Pro

Tyr

Asp

Pro
420

Lys

Tyr

Lys

Glu

Leu

85

Arg

Ala

Glu

Gly

Glu

165

Val

Val

Asn

Lys

Gly

245

Tyr

Ala

Glu

Ala

Glu

325

Leu

Leu

Ser

Val

Tyr
405

Asp

Glu

Ile

Ile

Lys

70

Tyr

Ser

Lys

Glu

Glu

150

Ser

Asp

Val

Phe

Phe

230

Asp

Pro

Val

Glu

Arg

310

Phe

Trp

Leu

Gly

Lys

390

Lys

Thr

10 15

Asn Gly Glu Phe Lys Val Glu Tyr Asp
25 30

Tyr Ala Leu Leu Lys Asp Asp Ser Ala
40 45

Thr Ala Glu Arg His Gly Thr Val Val
55 60

Val Glu Arg Lys Phe Leu Gly Arg Pro
75

Phe Thr His Pro Gln Asp Val Pro Ala
90 95

His Pro Ala Val Val Asp Ile Tyr Glu
105 110

Arg Tyr Leu Ile Asp Lys Gly Leu Val
120 125

Leu Lys Met Leu Ala Phe Asp Ile Glu
135 140

Glu Phe Ala Glu Gly Pro Ile Leu Met
155

Glu Ala Arg Val Ile Thr Trp Lys Lys
170 175

Ala Val Ser Thr Glu Lys Asp Met Ile
185 190

Lys Glu Lys Asp Pro Asp Val Leu Ile
200 205

Asp Phe Ala Tyr Leu Lys Lys Arg Cys
215 220

Ile Leu Gly Arg Asp Gly Ser Glu Pro
235

Arg Phe Ala Val Asp Val Lys Gly Arg
250 255

Val Ile Arg Arg Thr Ile Asn Leu Pro
265 270

Tyr Glu Ala Ile Phe Gly Arg Pro Lys
280 285

Ile Ala Gln Ala Trp Glu Thr Asn Glu
295 300

Tyr Ser Met Glu Asp Ala Lys Val Thr
315

Phe Pro Met Glu Ala Gln Leu Ser Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Tyr Asp Glu Arg Arg Gly Gly
375 380

Glu Pro Glu Lys Gly Leu Trp Glu Asn
395

Ser Leu Tyr Pro Ser Ile Ile Ile Thr
410 415

Leu Asn Arg Glu Gly Cys Lys Glu Tyr
425 430

Arg

Ile

Arg

Val

Ile

Tyr

Pro

Thr

Ile

160

Val

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala

Tyr

Ile
400

His

Asp
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143 144

-continued

Val Ala Pro Gln Val Gly His Arg Phe Cys Lys Asp Phe Pro Gly Phe
435 440 445

Ile Pro Ser Leu Leu Gly Asp Leu Leu Glu Glu Arg Gln Lys Ile Lys
450 455 460

Arg Lys Met Lys Ala Thr Ile Asp Pro Ile Glu Arg Arg Leu Leu Asp
465 470 475 480

Tyr Arg Gln Arg Ala Ile Lys Ile Leu Ala Asn Ser Tyr Tyr Gly Tyr
485 490 495

Tyr Gly Tyr Ala Arg Ala Arg Trp Tyr Cys Lys Glu Cys Ala Glu Ser
500 505 510

Val Thr Ala Trp Gly Arg Glu Tyr Ile Glu Met Ser Ile Arg Glu Ile
515 520 525

Glu Glu Lys Tyr Gly Phe Lys Val Leu Tyr Ala Asp Thr Asp Gly Phe
530 535 540

His Ala Thr Ile Pro Gly Glu Asp Ala Glu Thr Ile Lys Lys Lys Ala
545 550 555 560

Met Glu Phe Leu Lys Tyr Ile Asn Ser Lys Leu Pro Gly Ala Leu Glu
565 570 575

Leu Glu Tyr Glu Gly Phe Tyr Arg Arg Gly Phe Phe Val Thr Lys Lys
580 585 590

Lys Tyr Ala Val Ile Asp Glu Glu Gly Lys Ile Thr Thr Arg Gly Leu
595 600 605

Glu Ile Val Arg Arg Asp Trp Ser Glu Ile Ala Lys Glu Thr Gln Ala
610 615 620

Arg Val Leu Glu Ala Leu Leu Lys Asp Gly Asn Val Glu Glu Ala Val
625 630 635 640

Ser Ile Val Lys Glu Val Thr Glu Lys Leu Ser Lys Tyr Glu Val Pro
645 650 655

Pro Glu Lys Leu Val Ile His Glu Gln Ile Thr Arg Glu Leu Lys Asp
660 665 670

Tyr Lys Ala Thr Gly Pro His Val Ala Ile Ala Lys Arg Leu Ala Ala
675 680 685

Arg Gly Val Lys Ile Arg Pro Gly Thr Val Ile Ser Tyr Ile Val Leu
690 695 700

Lys Gly Ser Gly Arg Ile Gly Asp Arg Ala Ile Pro Phe Asp Glu Phe
705 710 715 720

Asp Pro Ala Lys His Arg Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn Gln
725 730 735

Val Leu Pro Ala Val Glu Arg Ile Leu Lys Ala Phe Gly Tyr Arg Lys
740 745 750

Glu Asp Leu Arg Tyr Gln Lys Thr Arg Gln Val Gly Leu Gly Ala Trp
755 760 765

Leu Lys Pro Lys Gly Lys Lys
770 775

<210> SEQ ID NO 51

<211> LENGTH: 775

<212> TYPE: PRT

<213> ORGANISM: Thermococcus gammatolerans

<400> SEQUENCE: 51

Met Ile Leu Asp Thr Asp Tyr Ile Thr Glu Asn Gly Lys Pro Val Ile
1 5 10 15

Arg Val Phe Lys Lys Glu Asn Gly Glu Phe Lys Ile Glu Tyr Asp Arg
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145

-continued

146

Thr

Glu

65

Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Ile

Tyr

Lys

Leu

305

Glu

Ile

Pro

Ala
385

Asn

Phe

Asp

50

Lys

Val

Asp

Ile

Glu

130

Tyr

Tyr

Leu

Phe

Asn

210

Leu

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn

370

Gly

Tyr

Val

Ala

Glu

35

Val

Arg

Trp

Lys

Pro

115

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Leu

Ser

Pro
435

20

Pro

Lys

Ala

Lys

Ile

100

Phe

Asp

Glu

Asp

Tyr

180

Arg

Asp

Ile

Met

Leu

260

Glu

Ala

Val

Arg

Ser

340

Phe

Pro

Tyr

Asp

Pro
420

Glu

Tyr

Lys

Glu

Leu

85

Arg

Ala

Glu

Gly

Glu

165

Val

Val

Asn

Lys

Gly

245

Tyr

Ala

Glu

Ala

Glu

325

Leu

Leu

Asp

Val

Phe
405

Asp

Val

Phe

Val

Lys

70

Tyr

Ala

Lys

Glu

Glu

150

Asn

Asp

Val

Phe

Phe

230

Asp

Pro

Val

Glu

Arg

310

Phe

Trp

Leu

Glu

Lys
390
Arg

Thr

Gly

25 30

Tyr Ala Leu Leu Lys Asp Asp Ser Ala
40 45

Thr Ala Lys Arg His Gly Ala Val Val
55 60

Val Gln Arg Lys Phe Leu Gly Arg Pro
75

Phe Thr His Pro Gln Asp Val Pro Ala
90 95

His Pro Ala Val Val Asp Ile Tyr Glu
105 110

Arg Tyr Leu Ile Asp Lys Gly Leu Ile
120 125

Leu Arg Met Leu Ala Phe Asp Ile Glu
135 140

Glu Phe Gly Thr Gly Pro Ile Leu Met
155

Glu Ala Arg Val Ile Thr Trp Lys Lys
170 175

Val Val Ser Thr Glu Lys Glu Met Ile
185 190

Lys Glu Lys Asp Pro Asp Val Leu Ile
200 205

Asp Phe Ala Tyr Leu Lys Lys Arg Cys
215 220

Thr Leu Gly Arg Asp Gly Ser Glu Pro
235

Arg Phe Ala Val Glu Val Lys Gly Arg
250 255

Val Ile Arg Arg Thr Ile Asn Leu Pro
265 270

Tyr Glu Ala Val Phe Gly Lys Pro Lys
280 285

Ile Thr Glu Ala Trp Glu Ser Gly Glu
295 300

Tyr Ser Met Glu Asp Ala Lys Val Thr
315

Phe Pro Met Glu Ala Gln Leu Ser Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Leu Ala Arg Arg Arg Glu Ser
375 380

Glu Pro Glu Arg Gly Leu Trp Asp Asn
395

Ser Leu Tyr Pro Ser Ile Ile Ile Thr
410 415

Leu Asn Arg Glu Gly Cys Lys Glu Tyr
425 430

His Lys Phe Cys Lys Asp Phe Pro Gly
440 445

Ile

Lys

Ile

80

Ile

Tyr

Pro

Thr

Ile

160

Ile

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala

Tyr

Ile
400
His

Asp

Phe
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-continued

Ile Pro Ser Leu Leu Gly Asp Leu Leu Glu Glu Arg Gln Lys Ile Lys
450 455 460

Arg Lys Met Lys Ala Thr Ile Asp Pro Leu Glu Lys Lys Leu Leu Asp
465 470 475 480

Tyr Arg Gln Arg Ala Ile Lys Ile Leu Ala Asn Ser Phe Tyr Gly Tyr
485 490 495

Tyr Gly Tyr Ala Lys Ala Arg Trp Tyr Cys Lys Glu Cys Ala Glu Ser
500 505 510

Val Thr Ala Trp Gly Arg Glu Tyr Ile Glu Thr Thr Ile Arg Glu Ile
515 520 525

Glu Glu Lys Phe Gly Phe Lys Val Leu Tyr Ala Asp Thr Asp Gly Phe
530 535 540

Phe Ala Thr Ile Pro Gly Ala Asp Ala Glu Thr Val Lys Lys Lys Ala
545 550 555 560

Lys Glu Phe Leu Lys Tyr Ile Asn Ala Lys Leu Pro Gly Leu Leu Glu
565 570 575

Leu Glu Tyr Glu Gly Phe Tyr Val Arg Gly Phe Phe Val Thr Lys Lys
580 585 590

Lys Tyr Ala Val Ile Asp Glu Glu Gly Lys Ile Thr Thr Arg Gly Leu
595 600 605

Glu Ile Val Arg Arg Asp Trp Ser Glu Ile Ala Lys Glu Thr Gln Ala
610 615 620

Arg Val Leu Glu Ala Ile Leu Lys His Gly Asp Val Glu Glu Ala Val
625 630 635 640

Arg Ile Val Lys Glu Val Thr Glu Lys Leu Ser Lys Tyr Glu Val Pro
645 650 655

Pro Glu Lys Leu Val Ile His Glu Gln Ile Thr Arg Asp Leu Arg Asp
660 665 670

Tyr Lys Ala Thr Gly Pro His Val Ala Val Ala Lys Arg Leu Ala Ala
675 680 685

Lys Gly Val Lys Ile Arg Pro Gly Thr Val Ile Ser Tyr Ile Val Leu
690 695 700

Lys Gly Ser Gly Arg Ile Gly Asp Arg Ala Ile Pro Ala Asp Glu Phe
705 710 715 720

Asp Pro Thr Lys His Arg Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn Gln
725 730 735

Val Leu Pro Ala Val Glu Arg Ile Leu Lys Ala Phe Gly Tyr Arg Lys
740 745 750

Glu Asp Leu Arg Tyr Gln Lys Thr Lys Gln Val Gly Leu Gly Ala Trp
755 760 765

Leu Lys Val Lys Gly Lys Lys
770 775

<210> SEQ ID NO 52

<211> LENGTH: 775

<212> TYPE: PRT

<213> ORGANISM: Thermococcus celericrescens

<400> SEQUENCE: 52

Met Ile Leu Asp Thr Asp Tyr Ile Thr Glu Asp Gly Lys Pro Val Ile
1 5 10 15

Arg Ile Phe Lys Lys Asp Asn Gly Glu Phe Lys Ile Glu Tyr Asp Arg
20 25 30

Asn Phe Glu Pro Tyr Ile Tyr Ala Leu Leu Arg Asp Asp Ser Ala Ile
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149

-continued

150

Glu

65

Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Ile

Tyr

Lys

Leu

305

Glu

Pro

Thr

385

Asn

Glu

Ile

Asp

50

Lys

Val

Asp

Ile

Glu

130

Tyr

Tyr

Leu

Phe

Asn

210

Phe

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn

370

Gly

Tyr

Val

Ala

Pro
450

35

Val

Arg

Trp

Arg

Pro

115

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Leu

Ser

Pro
435

Ser

Lys

Ala

Lys

Ile

100

Phe

Asp

Glu

Asp

Phe

180

Lys

Asp

Ile

Met

Leu

260

Glu

Pro

Val

Arg

Ser

340

Phe

Pro

Tyr

Asp

Pro
420

Gln

Leu

Lys

Glu

Leu

85

Arg

Ala

Glu

Gly

Glu

165

Val

Val

Asn

Lys

Gly

245

Tyr

Ala

Glu

Ala

Glu

325

Phe

Leu

Asp

Val

Phe
405
Asp

Val

Leu

Ile

Lys

70

Tyr

Ala

Lys

Glu

Glu

150

Asn

Asp

Ile

Phe

Phe

230

Asp

Pro

Val

Glu

Arg

310

Phe

Trp

Leu

Glu

Lys

390

Arg

Thr

Gly

Gly

40 45

Thr Ala Glu Arg His Gly Arg Val Val
55 60

Val Lys Lys Lys Phe Leu Gly Arg Pro
75

Phe Thr Arg Pro Gln Asp Val Pro Ala
90 95

His Pro Ala Val Val Asp Ile Tyr Glu
105 110

Arg Tyr Leu Ile Asp Lys Gly Ile Ile
120 125

Leu Lys Met Leu Ala Phe Asp Ile Glu
135 140

Glu Phe Ala Glu Gly Pro Ile Leu Met
155

Glu Ala Arg Val Ile Thr Trp Lys Lys
170 175

Val Val Ser Thr Glu Lys Glu Met Ile
185 190

Lys Glu Lys Asp Pro Asp Val Leu Ile
200 205

Asp Phe Ala Tyr Leu Lys Lys Arg Cys
215 220

Thr Leu Gly Arg Asp Gly Ser Asp Pro
235

Arg Phe Ala Val Glu Val Lys Gly Arg
250 255

Val Ile Leu Arg Thr Val Asn Leu Pro
265 270

Tyr Glu Ala Ile Phe Gly Thr Pro Lys
280 285

Ile Thr Thr Ala Trp Glu Thr Gly Glu
295 300

Tyr Ser Met Glu Asp Ala Lys Val Thr
315

Phe Pro Met Glu Ala Gln Leu Ser Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Leu Val Arg Arg Arg Asn Ser
375 380

Glu Pro Glu Arg Gly Leu Trp Asp Asn
395

Ser Leu Tyr Pro Ser Ile Ile Ile Thr
410 415

Leu Asn Arg Glu Gly Cys Lys Glu Tyr
425 430

His Lys Phe Cys Lys Asp Phe Pro Gly
440 445

Asn Leu Leu Asp Glu Arg Gln Lys Ile
455 460

Lys

Val

80

Ile

Tyr

Pro

Thr

Ile

160

Ile

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Phe

320

Leu

Leu

Ala

Tyr

Ile

400

His

Asp

Phe

Lys
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-continued

Lys Arg Met Lys Ala Thr Ile Asp Pro Leu Glu Lys Lys Leu Leu Asp
465 470 475 480

Tyr Arg Gln Arg Ala Ile Lys Ile Leu Ala Asn Ser Tyr Tyr Gly Tyr
485 490 495

Tyr Ala Tyr Ala Arg Ala Arg Trp Tyr Cys Lys Glu Cys Ala Glu Ser
500 505 510

Val Thr Ala Trp Gly Arg Glu Tyr Ile Glu Met Ser Ile Arg Glu Ile
515 520 525

Glu Glu Lys Tyr Gly Phe Lys Val Leu Tyr Ala Asp Thr Asp Gly Phe
530 535 540

His Ala Thr Ile Pro Gly Ala Asp Ala Glu Thr Val Lys Lys Lys Ala
545 550 555 560

Met Glu Phe Leu Lys Tyr Ile Asn Ala Lys Leu Pro Gly Ala Leu Glu
565 570 575

Leu Glu Tyr Glu Gly Phe Tyr Lys Arg Gly Phe Phe Val Thr Lys Lys
580 585 590

Lys Tyr Ala Val Ile Asp Glu Glu Gly Lys Ile Thr Thr Arg Gly Leu
595 600 605

Glu Ile Val Arg Arg Asp Trp Ser Glu Ile Ala Lys Glu Thr Gln Ala
610 615 620

Arg Val Leu Glu Ala Leu Leu Lys Asp Gly Asn Val Glu Glu Ala Val
625 630 635 640

Ser Ile Val Lys Glu Val Thr Glu Lys Leu Gly Lys Tyr Glu Val Pro
645 650 655

Pro Glu Lys Leu Val Ile His Glu Gln Ile Thr Arg Glu Leu Lys Asp
660 665 670

Tyr Lys Ala Thr Gly Pro His Val Ala Ile Ala Lys Arg Leu Ala Ala
675 680 685

Arg Gly Val Lys Ile Arg Pro Gly Thr Val Ile Ser Tyr Ile Val Leu
690 695 700

Lys Gly Ser Gly Arg Ile Gly Asp Arg Ala Ile Pro Phe Asp Glu Phe
705 710 715 720

Asp Pro Thr Lys His Arg Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn Gln
725 730 735

Val Leu Pro Ala Val Glu Arg Ile Leu Lys Ala Phe Gly Tyr Arg Ala
740 745 750

Glu Asp Leu Arg Tyr Gln Lys Thr Arg Gln Val Gly Leu Gly Val Trp
755 760 765

Leu Gln Pro Lys Gly Lys Lys
770 775

<210> SEQ ID NO 53

<211> LENGTH: 784

<212> TYPE: PRT

<213> ORGANISM: Vulcanisaeta distributa

<400> SEQUENCE: 53

Met Glu Leu Ala Phe Trp Leu Leu Asp Ile Thr Tyr Gly Val Ile Gly
1 5 10 15

Asn Thr Pro Glu Leu Arg Leu Phe Gly Ile Thr Asp Asp Gly Lys Arg
20 25 30

Val Leu Val Leu Asp Arg Ser Phe Arg Pro Tyr Phe Tyr Val Ile Pro
35 40 45

Ser Gly Asp Val Asn Ala Val Phe Asn Asn Val Lys Arg Lys Leu Glu
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153

-continued

154

Gly

65

Glu

Glu

Glu

Lys

Asn

145

Ile

Glu

Ile

Tyr

225

Gly

Arg

Gly

Ile

Glu

305

Leu

Lys

Leu

Ile

385

Glu

Pro

Pro

Gly

Arg
465

50

Lys

Val

Leu

Ala

Pro

130

Tyr

Glu

Val

Ile

Asp

210

Phe

Phe

Leu

His

Glu

290

Phe

Arg

Lys

Leu

Asp

370

Phe

Arg

Gly

Ser

Asp
450

Arg

Val

Asp

Arg

Asp

115

Ser

Gln

Glu

Tyr

Ile

195

Asp

Arg

Asp

Ala

Trp

275

Glu

Phe

Ile

Tyr

Leu

355

Gln

Tyr

Pro

Leu

Ile
435

Cys

Ser

Leu

Ala

Glu

100

Ile

Asn

Val

His

Asn

180

Ser

Asn

Lys

Trp

Leu

260

Ser

Ile

Gly

His

Ala

340

Pro

Val

Glu

Tyr

His

420

Met

Gly

Pro

Asn

Ile

85

Leu

Arg

Trp

Asp

Lys

165

Pro

Thr

Lys

Tyr

Pro

245

Ser

Ile

Ser

Ile

Glu

325

Arg

Phe

Gly

Ala

Glu

405

Glu

Met

Asp

Glu

Val

70

Arg

Ala

Phe

Ile

Leu

150

Leu

Arg

Met

Asn

Asp

230

Tyr

Arg

Ile

Glu

Met

310

Tyr

Asp

Ala

Ala

Val

390

Thr

Asn

Lys

Cys

Gly
470

55 60

Glu Val Ile Lys Arg Lys Met Phe Gly
75

Val Thr Ala Thr Ile Pro Glu Lys Val
90 95

Ala Glu Val Pro Gly Val Glu Asp Val
105 110

Ser Gln Arg Tyr Leu Leu Asp Met Gly
120 125

Val Val Asp Gln Cys Glu Glu Val Lys
135 140

Val Cys Leu Ala Lys Ser Arg Pro Arg
155

Pro Ser Phe Arg Val Leu Ala Phe Asp
170 175

Gly Met Pro Asn Pro Asp Arg Asp Pro
185 190

Thr Lys Glu Asp Gly Val Lys Met Phe
200 205

Asp Ala Lys Ile Ile Arg Glu Phe Leu
215 220

Pro Asp Ile Val Val Gly Tyr Asn Asn
235

Leu Val Asn Arg Ser Ser Arg Val Gly
250 255

Met Gly Asn Pro Pro Glu Pro Ser Val
265 270

Gly Arg Ala Asn Val Asp Leu Tyr Asn
280 285

Ile Lys Val Lys Ser Leu Asp Arg Ala
295 300

Lys Arg Ser Glu Arg Val Leu Ile Pro
315

Trp Asp Asp Lys Asn Lys Arg Asp Leu
330 335

Asp Val Val Ser Thr Tyr Gly Leu Ala
345 350

Ile Gln Leu Ser Ser Ile Ser Gly Leu
360 365

Ala Ser Val Gly Ala Arg Val Glu Trp
375 380

Lys Arg Gly Glu Leu Ala Pro Asn Arg
395

Tyr Lys Gly Ala Val Val Leu Glu Pro
410 415

Ile Ala Val Ile Asp Phe Ser Ser Met
425 430

Tyr Asn Val Ser Pro Asp Thr Leu Val
440 445

Tyr Val Ala Pro Glu Val Asn Tyr Lys
455 460

Leu Tyr Pro Gly Leu Leu Arg Ile Leu
475

Asn

80

Arg

Leu

Val

Gly

Met

160

Ile

Val

Val

Asp

Asn

240

Val

Tyr

Phe

Ala

Gly

320

Leu

Glu

Pro

Met

Glu

400

Arg

Tyr

Leu

Phe

Val
480
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-continued

Glu Ser Arg Arg Arg Val Arg Asp Leu Met Lys Lys Tyr Pro Glu Asn
485 490 495

Ser Pro Glu Trp Val Leu Leu Asn Glu Arg Gln Arg Ala Leu Lys Val
500 505 510

Met Ala Asn Ala Met Tyr Gly Tyr Cys Gly Trp Leu Gly Ala Arg Trp
515 520 525

Tyr Arg Arg Glu Val Ala Glu Ala Val Thr Ala Trp Gly Arg Asn Leu
530 535 540

Leu Arg Thr Val Ile Glu Lys Ala Arg Ser Leu Gly Leu Pro Ile Ile
545 550 555 560

Tyr Gly Asp Thr Asp Ser Leu Phe Val Arg Asn Ile Ser Asp Lys Val
565 570 575

Asp Ala Leu Ile Asn Tyr Val Asn Asn Glu Leu Gly Phe Glu Val Lys
580 585 590

Val Asp Lys Val Tyr Arg Arg Val Leu Phe Thr Glu Ala Lys Lys Arg
595 600 605

Tyr Val Gly Leu Thr Val Glu Gly Glu Val Asp Ile Val Gly Phe Glu
610 615 620

Ala Val Arg Gly Asp Trp Ala Glu Ile Ala Lys Asp Val Gln Glu Asn
625 630 635 640

Val Ala Glu Ile Val Leu Thr Thr Gly Asp Val Gly Lys Ala Ile Ser
645 650 655

Tyr Val Lys Ser Val Ile Asp Lys Val Lys Ala Tyr Gln Phe Asp Ile
660 665 670

Asp Asp Val Ile Ile Trp Lys Thr Leu Asp Lys Ser Leu Asn Glu Tyr
675 680 685

Lys Val Leu Thr Pro His Val Ala Ala Ala Lys Gln Leu Val Glu Ala
690 695 700

Gly Tyr Lys Val Gly Lys Gly Asp Met Ile Gly Tyr Val Val Val Lys
705 710 715 720

Gly Gly Gly Ala Lys Leu Ala Tyr Lys Val Lys Pro Tyr Ile Leu Ile
725 730 735

Lys Asp Ile Arg Glu Val Asp Val Asp Tyr Tyr Val Glu Lys Gln Ile
740 745 750

Val Pro Ala Ala Met Arg Ile Leu Glu Val Leu Gly Val Lys Glu Ser
755 760 765

Gln Leu Met Glu Gly Lys Ala Gly Lys Ser Ile Leu Asp Tyr Phe Ser
770 775 780

<210> SEQ ID NO 54

<211> LENGTH: 830

<212> TYPE: PRT

<213> ORGANISM: Methanopyrus kandleri

<400> SEQUENCE: 54

Met Leu Arg Thr Val Trp Val Asp Tyr Ala Arg Lys Gly Glu Pro Asp
1 5 10 15

Val Ile Leu Val Gly Arg Arg Glu Asp Gly Asn Pro Ala Ala Leu Val
20 25 30

Val Lys Gly Phe Arg Pro Tyr Phe Tyr Ala Glu Val Glu Asp Gly Phe
35 40 45

Asp Pro Ser Glu Val Glu Arg Leu Ser Gly Val Val Glu Val Glu Glu
50 55 60

Val Leu Leu Glu His Pro Tyr Gly Gly Asp Arg Val Glu Leu Leu Arg
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157

-continued

158

65

Ile

Lys

Asp

Phe

145

Ile

Pro

Phe

Trp

225

Glu

Glu

Asp

Lys

305

Thr

Met

Glu

Gly

Leu

385

Trp

Lys

Gly

Cys

Ile
465

Glu

Val

Lys

Arg

Val

130

Ala

Glu

Gly

Ala

Lys

210

Ile

Phe

Phe

Val

His

290

Asp

Leu

Glu

Leu

Leu

370

Pro

Arg

Pro

Ala

Val
450

Ser

Glu

Ala

Leu

Arg

115

Ser

Asp

Asp

Thr

Tyr

195

Gly

Val

Arg

Asp

Ser

275

Gly

Leu

Glu

Leu

Met

355

Glu

Leu

Ala

Thr

Ile
435
Asp

Pro

Val

Thr

Asp

100

Ala

Asp

Val

Leu

Thr

180

Ser

Glu

Cys

Arg

Leu

260

Pro

Gly

Tyr

Glu

Ala

340

Arg

Leu

Pro

Ile

Arg

420

Val

Phe

Asp

Asp

Tyr

85

Gly

Ala

Leu

Glu

Val

165

Ile

Thr

Asp

Arg

Val

245

Pro

Leu

Gly

His

Ala

325

Asp

Tyr

Ala

Asp

Tyr

405

Asp

Phe

Ala

Thr

Asp
485

70

Pro

Val

Val

Asp

Asp

150

Val

Lys

Pro

Glu

Ser

230

Asp

Tyr

Ala

Arg

Thr

310

Val

Ile

Ser

Gln

Ala

390

Lys

Glu

Glu

Ser

Phe
470

Pro

75

Lys Val Val Pro Lys Leu Arg Glu Gln
90 95

Lys Glu Val Tyr Glu Ala Asp Ile Pro
105 110

Asp Leu Asn Leu Pro Pro Ala Ser Glu
120 125

Thr Gly Ser Trp Ser Gly Leu Pro Ala
135 140

Ala Arg Glu Leu Asp His Arg Pro Tyr
155

Ala Ser Phe Asp Leu Glu Val Leu Ala
170 175

Gly Ala Ser Gly Pro Ile Ile Ala Ile
185 190

Asp Gly Glu Arg Arg Asn Tyr Val Ile
200 205

Ser Phe Glu Val Asp Gly Val Glu Thr
215 220

Glu Ala Ala Ala Leu Arg Arg Phe Phe
235

Pro Asp Val Val Phe Thr Tyr Asn Gly
250 255

Leu Gln His Arg Ala Gly Lys Leu Gly
265 270

Arg Pro Ala Gly Lys Arg Gly Ile Ile
280 285

Tyr Ala Ser Asp Ile Phe Gly Arg Ala
295 300

Ala Arg Lys Asn Leu Lys Leu Glu Arg
315

Lys Asp Val Leu Gly Val Glu Lys Glu
330 335

Asn Glu Ala Trp Lys Arg Gly Asn Leu
345 350

Ala Glu Asp Ala His Tyr Thr Leu Glu
360 365

Val Glu Leu Glu Leu Ser Tyr Leu Thr
375 380

Thr Arg Phe Ser Phe Gly Gln Leu Ala
395

Ala Arg Gln Glu Asp Ile Leu Val Pro
410 415

Tyr Lys Arg Arg Arg Arg Lys Ala Tyr
425 430

Pro Glu Ile Gly Leu His Glu Asn Val
440 445

Leu Tyr Pro Asn Val Met Val Ala His
455 460

Asp Cys Asp Cys Cys Pro Arg Val Thr
475

Thr Asp Ala Thr Val Ala Pro Asp Val
490 495

80

Val

Phe

Val

Tyr

Pro

160

Glu

Ser

Thr

Glu

Asp

240

Asp

Ile

Leu

His

Phe

320

Glu

Asp

Leu

Arg

Glu

400

Asn

Lys

Val

Asn

Val
480

Gly



US 9,447,445 B2
159 160

-continued

His Lys Phe Cys Lys Arg Arg Lys Gly Phe Phe Pro Arg Leu Val Glu
500 505 510

Gly Leu Ile Glu Arg Arg Arg Glu Leu Lys Arg Arg Leu Arg Lys Leu
515 520 525

Asp Thr Glu Ser His Pro His Glu Ala Lys Ile Leu Asp Val Arg Gln
530 535 540

Gln Ala Tyr Lys Val Leu Ala Asn Ser Tyr Tyr Gly Tyr Met Gly Trp
545 550 555 560

Ala Asn Ala Arg Trp Phe Cys Arg Glu Cys Ala Glu Ser Val Thr Ala
565 570 575

Trp Gly Arg Tyr Tyr Ile Ser Glu Val Arg Arg Ile Ala Glu Glu Lys
580 585 590

Tyr Gly Leu Lys Val Val Tyr Gly Asp Thr Asp Ser Leu Phe Val Lys
595 600 605

Leu Pro Asp Ala Asp Leu Glu Glu Thr Ile Glu Arg Val Lys Glu Phe
610 615 620

Leu Lys Glu Val Asn Gly Arg Leu Pro Val Glu Leu Glu Leu Glu Asp
625 630 635 640

Ala Tyr Lys Arg Ile Leu Phe Val Thr Lys Lys Lys Tyr Ala Gly Tyr
645 650 655

Thr Glu Asp Gly Lys Ile Val Thr Lys Gly Leu Glu Val Val Arg Arg
660 665 670

Asp Trp Ala Pro Ile Ala Arg Glu Thr Gln Arg Arg Val Leu Lys Arg
675 680 685

Ile Leu Ala Asp Asn Asp Pro Glu Ala Ala Leu Lys Glu Ile His Glu
690 695 700

Val Leu Glu Arg Leu Lys Ser Gly Asp Val Asp Ile Asp Glu Leu Ala
705 710 715 720

Val Thr Ser Gln Leu Thr Lys Lys Pro Ser Glu Tyr Val Gln Lys Gly
725 730 735

Pro His Val Arg Ala Ala Leu Arg Leu Ala Arg His Leu Gly Val Glu
740 745 750

Pro Glu Pro Gly Thr Ile Val Arg Tyr Val Ile Val Arg Gly Pro Gly
755 760 765

Ser Val Ser Asp Lys Ala Tyr Pro Val Glu Leu Val Arg Glu Glu Gly
770 775 780

Lys Glu Pro Asp Val Asp Tyr Tyr Ile Glu His Gln Ile Leu Pro Ala
785 790 795 800

Val Glu Arg Ile Met Arg Ala Ile Gly Tyr Ser Arg Gly Gln Ile Val
805 810 815

Gly Glu Thr Ala Ser Gln Lys Thr Leu Asp Gln Phe Phe Gly
820 825 830

<210> SEQ ID NO 55

<211> LENGTH: 784

<212> TYPE: PRT

<213> ORGANISM: Thermoproteus neutrophilus

<400> SEQUENCE: 55

Met Glu Leu Lys Ile Trp Pro Leu Asp Val Thr Tyr Ala Val Val Gly
1 5 10 15

Gly Tyr Pro Glu Val Arg Val Phe Gly Leu Thr Glu Gly Gly Gly Arg
20 25 30

Val Val Leu Val Asp Arg Ser Phe Lys Pro Tyr Phe Tyr Val Asp Cys
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161

-continued

162

Pro

Pro

65

Arg

Leu

Ala

Pro

Gly

145

Phe

Glu

Asp
Asp
225

Tyr

Arg

Glu

Met

305

Tyr

Asp

Leu

Ala

Tyr

385

Pro

Asp

Lys

Pro

Thr

50

Val

Arg

Arg

Asp

Cys

130

Leu

Pro

Arg

Lys

Asp

210

Pro

Leu

Leu

Gly

Ile

290

Arg

Trp

Asp

Ile

Ala

370

Arg

Tyr

Val

Tyr

Pro
450

35

Cys

Asp

Phe

Glu

Ile

115

Ser

Pro

Pro

Gly

Thr

195

Arg

Asp

Ala

Gly

Arg

275

Lys

Arg

Arg

Val

Gln

355

Ser

Leu

Lys

Leu

Asn
435

Glu

Glu

Glu

Leu

Ala

100

Arg

Trp

Gln

Pro

Thr

180

Asp

Gly

Val

Gly

Gly

260

Ala

Leu

Glu

Asp

Arg

340

Leu

Val

Gly

Gly

Val
420

Leu

Gly

Val

Val

Met

85

Ala

Phe

Asn

Tyr

Leu

165

Pro

Asp

Val

Val

Arg

245

Leu

Asn

Lys

Glu

Pro

325

Ser

Ser

Gly

Glu

Ala
405
Leu

Ser

Val

Gly

Ser

70

Val

Ala

Tyr

Arg

Thr

150

Arg

Asp

Gly

Leu

Val

230

Ala

Pro

Val

Thr

Arg

310

Gly

Thr

Ser

Asn

Val

390

Ile

Asp

Pro

Asn

40 45

Val Val Lys Ser Ser Leu Ser Arg Val
55 60

Ala Ala Glu Arg Arg Phe Leu Gly Arg
75

Val Ala Arg Val Pro Glu Asp Val Arg
90 95

Gln Ile Pro Gly Val Ala Gly Val Tyr
105 110

Met Arg Tyr Met Ile Asp Val Gly Leu
120 125

Ala Glu Val Glu Gly Gly Gly Lys Val
135 140

Val Val Gln Trp Leu Gly Pro Ala Gly
155

Val Leu Ala Phe Asp Ile Glu Val Tyr
170 175

Pro Ala Arg Asp Pro Val Val Met Ile
185 190

Arg Glu Glu Val Phe Glu Ala Glu Gly
200 205

Arg Ser Phe Val Glu Phe Val Lys Ser
215 220

Gly Tyr Asn Ser Asn Gly Phe Asp Trp
235

Arg Ala Ile Gly Val Pro Leu Arg Val
250 255

Gln Gln Ser Val Tyr Gly His Trp Ser
265 270

Asp Leu Tyr Gly Ile Val Glu Glu Phe
280 285

Leu Asp Arg Val Ala Glu Tyr Phe Gly
295 300

Val Leu Ile Pro Gly His Lys Ile Tyr
315

Lys Arg Pro Leu Leu Arg Gln Tyr Val
330 335

Leu Gly Leu Ala Asp Lys Leu Leu Pro
345 350

Val Ser Gly Leu Pro Leu Asp Gln Val
360 365

Arg Val Glu Trp Met Leu Leu Arg Tyr
375 380

Ala Pro Asn Arg Glu Glu Arg Glu Tyr
395

Val Leu Glu Pro Lys Pro Gly Met Tyr
410 415

Phe Ser Ser Met Tyr Pro Asn Ile Met
425 430

Asp Thr Tyr Leu Glu Pro Gly Glu Pro
440 445

Ala Ala Pro Glu Val Gly His Arg Phe
455 460

Ala

Pro

80

Arg

Glu

Leu

Gly

Gly

160

Asn

Ala

Arg

Tyr

Pro

240

Asp

Ile

Pro

Val

Glu

320

Leu

Phe

Ala

Ala

Glu

400

Glu

Met

Asp

Arg
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163

-continued

164

Arg

465

Leu

Pro

Ala

Lys

Lys

545

Gly

Leu

Lys

Gly

Arg

625

Glu

Thr

Asn

Glu

Arg

705

Leu

Ile

Ala

Ser

Arg

Glu

Asn

Arg

530

Asp

Asp

Ile

Asp

Leu

610

Gly

Ile

Gln

Val

Tyr

690

His

Lys

Asp

Ile

Asp
770

Pro

Lys

Phe

Ala

515

Glu

Val

Thr

Gln

Tyr

595

Leu

Asp

Ile

Tyr

Asp

675

Lys

Gly

Gly

Asp

Pro

755

Leu

Leu

Ala

Arg

500

Met

Val

Ile

Asp

Tyr

580

Ala

Arg

Trp

Leu

Val

660

Asp

Ala

Tyr

Gly

Val

740

Ala

Lys

Gly

Val

485

Ile

Tyr

Ala

Glu

Ser

565

Val

Lys

Asp

Ser

Asn

645

Arg

Leu

Tyr

Lys

Gly

725

Lys

Ala

Thr

<210> SEQ ID NO 56

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Pyrococcus furiosus

PRT

<400> SEQUENCE:

Met

1

Ala

Arg

Lys

Lys

Lys

Ala

Ala

Thr

Gly

Asn

35

Arg

Phe

Tyr

20

Val

Asn

142

56

Leu

5

Lys

Ser

Thr

Phe

470

Arg

Leu

Gly

Glu

Gln

550

Leu

Glu

Val

Gly

Glu

630

Ser

Glu

Ile

Pro

Val

710

Lys

Lys

Leu

Gly

Thr

Gln

Ile

Leu

Val Pro Gln Val Leu Lys Ser Leu Val
475

Glu Glu Ala Lys Arg Tyr Pro Pro Asp
490 495

Asp Glu Arg Gln Arg Ala Leu Lys Val
505 510

Tyr Leu Gly Trp Val Gly Ala Arg Trp
520 525

Ser Val Thr Ala Phe Ala Arg Ala Ile
535 540

Ala Arg Arg Leu Gly Ile Val Val Val
555

Phe Val Lys Lys His Val Asn Val Asp
570 575

Glu Lys Tyr Gly Ile Glu Ile Lys Val
585 590

Leu Phe Thr Glu Ala Lys Lys Arg Tyr
600 605

Arg Ile Asp Ile Val Gly Phe Glu Val
615 620

Leu Ala Lys Glu Val Gln Leu Lys Val
635

Arg Asp Val Ala Glu Ala Arg Arg Arg
650 655

Ile Ile Glu Arg Leu Arg Glu Tyr Lys
665 670

Ile Trp Lys Thr Leu Asp Lys Glu Leu
680 685

Pro His Val His Ala Ala Leu Ile Leu
695 700

Gly Lys Gly Asn Met Val Gly Tyr Val
715

Ile Ser Glu Lys Ala Leu Pro Tyr Ile
730 735

Ile Asp Val Glu Tyr Tyr Ile Glu Arg
745 750

Arg Ile Ala Glu Val Ile Gly Val Lys
760 765

Lys Ser Glu Arg Ser Leu Leu Asp Phe
775 780

Glu Gln Gln Ile Lys Val Leu Met Leu
10 15

Ser Glu Ile Ala Lys Ile Leu Gly Thr
25 30

Leu Glu Lys Arg Ala Met Glu Lys Ile
40 45

Leu Leu Trp Glu Gln Ile Asn Ser Lys

Glu

480

Ser

Met

Tyr

Leu

Tyr

560

Lys

Asp

Ala

Val

Val

640

Val

Phe

Gly

Lys

Val

720

Leu

Gln

Glu

Phe

Arg

Ser

Glu

Val
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-continued

166

50 55

Ile Val Glu Ile Lys Ala Gly Glu Asp
65 70

Phe Phe Lys Lys Ala Asp Lys Val Gly
85

Ala Glu Ile Ile Thr Phe Leu Val Glu
100 105

Leu Ala Lys Arg Asp Phe Val Leu Phe
115 120

Arg Ile Gly Asp Cys Leu Val Ile Glu
130 135

<210> SEQ ID NO 57

<211> LENGTH: 75

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 57

Met Pro Ile Thr Lys Val Thr Arg Asn
1 5

Glu Ile Arg Lys Ala Leu Gly Ile Lys
20 25

Arg Leu Glu Asn Gly Lys Ile Ile Ile
35 40

Lys Thr Leu Lys Leu Gly Lys Lys Leu
50 55

Ala Ile Glu Glu Gly Met Lys Gln Cys
65 70

<210> SEQ ID NO 58

<211> LENGTH: 76

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 58

Thr Lys Ile Glu Ile Leu Arg Leu Leu
1 5

Tyr Glu Ile Trp Ser Leu Leu Gly Lys
20 25

His Gln His Ile Lys Glu Leu Leu Glu
35 40

Tyr Arg Lys Gly Lys Arg Val Tyr Tyr

Arg Ile Leu Gln Asn Phe Glu Asp Leu
65 70

<210> SEQ ID NO 59

<211> LENGTH: 72

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 59

Met Asn Thr Gly Ala Gln Gly Val Ser
1 5

Ile Ser Val Gln Leu Pro Gln Ser Leu
20 25

Val Lys Arg Gly Ile Tyr Pro Asn Arg
35 40

Ile Phe
75

Val Lys
90
His Ala

Leu Asp

Glu Ile

Tyr Gln

10

Glu Gly

Glu Arg

Thr Leu

Met Gln
75

Lys Glu

10

Pro Leu

Leu Gly

Lys Ile

Glu Asn
75

Glu Met
10

Ile His

Ser Glu

60

Ser

Val

Pro

Ser

Lys
140

Ile

Glu

Leu

Glu
60

Arg

Lys

Leu

Thr

60

Ile

Ser

Gly

Ala

Ile

Pro

Val

Lys

125

Glu

Thr

Leu

Lys

45

Glu

Glu

Tyr

Val

45

Glu

Arg

Leu

Ile
45

Pro Glu
Tyr Ser
95

Glu Asp
110

Asn Lys

Asp

Ile Pro
15

Leu Glu
30

Lys Glu

Ile Glu

Met Tyr
15

Gln Ala
30

Glu Gln

Lys Gly

Met Lys
15

Asp Ala
30

Arg Val

Lys
80
Thr

Arg

Leu

Ala

Val

Arg

Lys

Ala

Val

Ala

Leu

Ile

Leu

Ala
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-continued

Ile Arg Glu Leu Leu Lys Lys Glu Leu Tyr Lys Glu Glu Ile Gln Glu
50 55 60

Glu Ile Pro Glu Tyr Val Val Lys
65 70

<210> SEQ ID NO 60

<211> LENGTH: 67

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 60

Val Ile Ile Pro Arg Pro Ile Asp Pro Arg Asp Ile Arg Arg Ile Arg
1 5 10 15

Lys Glu Leu Gly Ile Thr Gln Glu Glu Leu Ala Arg Lys Ala Gly Val
20 25 30

Thr Gln Ala Tyr Ile Ala Lys Leu Glu Ala Gly Lys Val Asp Pro Arg
35 40 45

Leu Ser Thr Phe Asn Lys Ile Leu Arg Ala Leu Ile Glu Cys Gln Lys
50 55 60

Ala Lys Ile
65

<210> SEQ ID NO 61

<211> LENGTH: 65

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 61

Asn Asn Cys Glu Cys Met Val Val Lys Glu Lys Leu Tyr Thr Val Lys
1 5 10 15

Gln Ala Ser Glu Ile Leu Gly Val His Pro Lys Thr Ile Gln Lys Trp
20 25 30

Asp Arg Glu Gly Lys Ile Lys Thr Val Arg Thr Pro Gly Gly Arg Arg
35 40 45

Arg Ile Pro Glu Ser Glu Ile Lys Arg Leu Leu Gly Ile Ser Glu Glu
50 55 60

Lys
65

<210> SEQ ID NO 62

<211> LENGTH: 71

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 62

Met Leu Lys Asp Ser Ala Pro Lys Arg Lys Ile Leu Glu Glu Leu Arg
1 5 10 15

Lys Gly Glu Thr Val Ser Gly Asp Tyr Leu Ala Ser Lys Leu Gly Val
20 25 30

Ser Arg Val Ala Ile Trp Lys His Ile Arg Glu Leu Lys Glu Leu Gly
35 40 45

Tyr Gly Ile Ile Ala Asp Lys Lys Gly Tyr Lys Leu Val Tyr Glu Pro
50 55 60

Lys Lys Pro Tyr Pro Trp Glu

65 70

<210> SEQ ID NO 63
<211> LENGTH: 86
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170

-continued
<212> TYPE: PRT
<213> ORGANISM: Pyrococcus furiosus
<400> SEQUENCE: 63
Met Ile Asp Glu Arg Asp Lys Ile Ile Leu Glu Ile Leu Glu Lys Asp
1 5 10 15
Ala Arg Thr Pro Phe Thr Glu Ile Ala Lys Lys Leu Gly Ile Ser Glu
20 25 30
Thr Ala Val Arg Lys Arg Val Lys Ala Leu Glu Glu Lys Gly Ile Ile
35 40 45
Glu Gly Tyr Thr Ile Lys Ile Asn Pro Lys Lys Leu Gly Tyr Ser Leu
50 55 60
Val Thr Ile Thr Gly Val Asp Thr Lys Pro Glu Lys Leu Phe Glu Val
65 70 75 80
Ala Glu Lys Leu Lys Glu
85
<210> SEQ ID NO 64
<211> LENGTH: 77
<212> TYPE: PRT
<213> ORGANISM: Pyrococcus furiosus
<400> SEQUENCE: 64
Met Glu Ile Asp Asp Leu Asp Arg Lys Ile Leu Ser Leu Leu Ile Glu
1 5 10 15
Asp Ser Arg Leu Ser Tyr Arg Glu Ile Ala Lys Lys Leu Asn Val Ala
20 25 30
Val Gly Thr Ile Tyr Asn Arg Ile Lys Lys Leu Glu Asp Met Gly Val
35 40 45
Ile Gln Gly Phe Thr Val Lys Leu Asn Tyr Glu Lys Leu Gly Tyr Glu
50 55 60
Leu Thr Ala Ile Ile Gly Ile Lys Ala Gln Gly Lys Lys
65 70 75
<210> SEQ ID NO 65
<211> LENGTH: 94
<212> TYPE: PRT
<213> ORGANISM: Pyrococcus furiosus
<400> SEQUENCE: 65
Glu Met Leu Trp Met Tyr Ile Leu Lys Leu Leu Lys Asp Arg Pro Met
1 5 10 15
Tyr Ala Tyr Glu Ile Arg Asn Glu Leu Lys Lys Arg Phe Gly Phe Glu
20 25 30
Pro Ala Thr Val Ser Ser Tyr Val Val Leu Tyr Arg Leu Glu Glu Gly
35 40 45
Gly Tyr Val Ser Ser Glu Trp His Glu Ser Glu Ala Gly Arg Pro Ser
50 55 60
Arg Lys Tyr Tyr Arg Leu Thr Glu Lys Gly Glu Lys Leu Leu Glu Lys
65 70 75 80
Gly Ile Glu Thr Ile Glu Asp Val Leu Asn Met Leu Lys Ser
85 90

<210> SEQ ID NO 66

<211> LENGTH: 68

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 66
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172

-continued
Met Lys Val Ser Lys Ala Thr Ala Ser Lys Val Leu Arg Ser Leu Glu
1 5 10 15
Asn Lys Gly Ile Val Glu Arg Glu Arg Arg Gly Lys Thr Tyr Leu Val
20 25 30
Arg Leu Thr Asn Lys Gly Leu Glu Leu Leu Glu Glu Ile Ser Lys Ala
35 40 45
Gly Lys Glu Leu Asp Glu Lys Ile Phe Ala Glu Met Ser Val Asp Glu
50 55 60
Arg Ile Val Leu
65
<210> SEQ ID NO 67
<211> LENGTH: 56
<212> TYPE: PRT
<213> ORGANISM: Pyrococcus furiosus
<400> SEQUENCE: 67
Ser Glu Asp Tyr Met Leu Gln Asn Arg Arg Lys Val Leu Ala Lys Val
1 5 10 15
Leu Glu Leu Leu Asn Tyr Asn Pro Lys Ala Leu Asn Ile Ser Glu Leu
20 25 30
Ala Arg Met Phe Gly Val Ser Arg Asp Thr Ile Tyr Asn Asp Ile Gln
35 40 45
Gln Ile Ile Lys Asn Val Glu Val
50 55
<210> SEQ ID NO 68
<211> LENGTH: 94
<212> TYPE: PRT
<213> ORGANISM: Pyrococcus furiosus
<400> SEQUENCE: 68
Ser Lys Glu Ile Ser Arg Phe Leu Lys Val Ile Ser Asn Pro Ile Arg
1 5 10 15
Tyr Gly Ile Leu Lys Met Leu Asn Asp Arg Trp Met Cys Val Cys Leu
20 25 30
Ile Ser Glu Ala Leu Glu Ile Asp Gln Thr Leu Val Ser His His Ile
35 40 45
Arg Ile Leu Lys Glu Leu Asp Leu Leu Glu Glu Arg Lys Glu Gly Lys
50 55 60
Leu Arg Phe Tyr Arg Thr Asn Lys Glu Lys Leu Arg Glu Tyr Leu Glu
65 70 75 80
Lys Val Leu Glu Asp Phe Asn His Gly Thr Ser Lys Gly Ser
85 90
<210> SEQ ID NO 69
<211> LENGTH: 78
<212> TYPE: PRT
<213> ORGANISM: Pyrococcus furiosus
<400> SEQUENCE: 69
Met Cys Arg Lys Asp Val Met Ile Ile Ser Asp Pro Lys Gln Ile Lys
1 5 10 15
Ala Leu Ser Asp Pro Thr Arg Val Lys Ile Leu Glu Leu Leu Arg Tyr
20 25 30
His Pro Met Thr Val Ser Glu Ile Ser Arg Val Ile Gly Lys Asp Lys
35 40 45
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-continued

174

Ser Thr Ile Tyr Arg His Ile Lys Ala

50

55

Leu Glu Glu Ala Gly Leu Val

60

Glu Glu Val Glu Lys Ile Gly Asn Glu Thr Val Tyr Gly Arg

75

Lys

Tyr

Met

Met

Gly

75

Glu

Asn

Leu

Arg

Trp

Arg

Glu
75

65 70
<210> SEQ ID NO 70
<211> LENGTH: 122
<212> TYPE: PRT
<213> ORGANISM: Pyrococcus furiosus
<400> SEQUENCE: 70
Met Glu Pro Val Glu Phe Lys Leu Asn Gln
1 5 10
Leu Pro Thr Met Glu Ala Glu Ile Met Glu
20 25
Glu Ala Thr Ala Gly Glu Val Tyr Glu Tyr
35 40
Glu Ile Arg Arg Ser Thr Val Ser Ile Leu
50 55
Arg Gly Leu Leu Lys Arg Arg Met Glu Lys
65 70
Tyr Val Tyr Ser Ile Thr Thr Thr Arg Glu
85 90
Val Glu Lys Ile Ile Glu Ser Leu Met Met
100 105
Phe Ala Tyr Leu Ser Lys Ile Asn Lys Lys
115 120
<210> SEQ ID NO 71
<211> LENGTH: 87
<212> TYPE: PRT
<213> ORGANISM: Pyrococcus furiosus
<400> SEQUENCE: 71
Met Lys Lys Ser Asn Leu Asp Leu Leu Ile
1 5 10
Gly Ile Glu Lys Glu Ile Leu Thr Thr Ser
20 25
Leu Asn Val Ser Pro Gln Thr Ile Val Arg
35 40
Lys Asp Gly Leu Ile Lys Lys Ser Glu Ser
50 55
Thr Ile Thr Glu Glu Gly Val Lys Phe Leu
65 70
Leu Ser Asp Ala Leu Tyr Arg
85
<210> SEQ ID NO 72
<211> LENGTH: 104
<212> TYPE: PRT
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Thermococcaceae

<400> SEQUENCE:

72

Met Glu Ile Pro Pro Glu

1

5

Thr Lys Tyr Glu Ile Leu

20

Gly

Met

Lys

Asn

60

Lys

Phe

Phe

Leu

Glu

Leu

Lys

60

Lys

Ile

Trp

Thr

45

Arg

Gly

Glu

Arg

Ala

Leu

Glu

45

Gly

Leu

Lys

Glu

30

Lys

Leu

Gly

Arg

Glu
110

Lys

Ser

30

Asp

Thr

His

Ser

15

Ile

Tyr

Cys

Ile

Lys

95

Ala

Ala

Lys

Leu

Leu

Glu

Ile

Lys

Pro

Glu

Arg

80

Val

Thr

Gly

Met

Glu

Val

Glu
80

Ile Ser His Ala Leu Ser Glu Ile Gly Phe

10

15

Thr Tyr Trp Thr Leu Leu Val Tyr Gly Pro

25

30
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176

Ser Thr Ala Lys Glu Ile Ser Thr Lys

Val Tyr Asp Thr Ile Ser Ser Leu Lys
50 55

Ile Glu Gly Thr Pro Lys Val Tyr Ala
65 70

Phe Phe Arg Phe Lys Lys Glu Leu Glu
85

Ile Glu Leu Asn Asn Val Lys Lys
100

<210> SEQ ID NO 73

<211> LENGTH: 75

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 73

Ile Ile Asn Pro Gln Ala Arg Leu Thr

Glu Ile Ile Lys Gln Lys Lys Ser Ile
20 25

Ile Leu Ser Glu Arg Arg Lys Ser Glu
35 40

Glu Tyr Ile Ser Arg Leu Glu Arg Lys
50 55

Lys Gly Arg Lys Lys Phe Val Glu Ala
65 70

<210> SEQ ID NO 74

<211> LENGTH: 94

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 74

Gly Ile Asp Val Val Ile Pro Glu Ile
1 5

Asp Ile Val Lys Ile Leu Phe Asp Leu
20 25

Ile Ala Arg Glu Leu Lys Gly Arg Arg
35 40

Val Arg Lys Lys Leu Lys Glu Leu Glu
50 55

Val Pro Gly Glu Arg Gly Ser Val Tyr

Lys Lys Trp Leu Asp Leu Ile Gly Ile
85

<210> SEQ ID NO 75

<211> LENGTH: 67

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 75

Met Thr Lys Arg Val Lys Val Ile Thr
1 5

Met Leu Glu Asp Thr Arg Arg Lys Ile
20 25

Ser Gly Ile Pro
45

Leu Arg Gly Phe
60

Ala Tyr Ser Pro
75

Asp Ile Met Lys
90

Pro Leu Glu Leu
10

Thr Ile Thr Glu
Tyr Pro Leu Ser
45

Gly Tyr Val Lys
60

Leu Ile

Lys His Asp Pro
10

Arg Arg Ala Asn
Gly Lys Ala Ser
45

Lys Leu Gly Val
60

Thr Leu Ser Arg
75

Pro Ile Asn Leu
90

Tyr

Val

Arg

Lys

Glu
Ile
30

Leu

Lys

Ile

Val

30

Arg

Val

Glu

Leu

Asn Arg

Thr Glu

Ile Ala

80

Leu Glu
95

Ile Leu

Lys Glu

Val Ser

Ile Ala

Ala Arg

Ser Gln

Asn Thr

Lys Glu

Val Val

Asp Pro Glu Val Ile Lys Val

10

15

Leu Gln Leu Leu Arg Asn Arg

30
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-continued

Glu Met Thr Ile Ser Gln Leu Ser Glu Ile Leu Gly Lys Met Pro Gln
35 40 45

Thr Ile Tyr His His Ile Glu Lys Leu Lys Glu Ala Gly Leu Val Glu
50 55 60

Val Lys Arg
65

<210> SEQ ID NO 76

<211> LENGTH: 100

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 76

Met Glu Glu Ile Lys Glu Ile Met Lys Ser His Thr Leu Gly Asn Pro
1 5 10 15

Val Arg Leu Gly Ile Met Ile Tyr Leu Phe Pro Arg Arg Arg Ala Pro
20 25 30

Phe Ser His Ile Gln Lys Ala Leu Asp Leu Thr Pro Gly Asn Leu Asp
Ser His Ile Lys Val Leu Glu Lys His Gly Phe Val Arg Thr Tyr Lys
50 55 60

Val Ile Ala Asp Arg Pro Arg Thr Met Val Glu Ile Thr Asp Tyr Gly
65 70 75 80

Met Glu Glu Thr Arg Lys Phe Leu Ser His Leu Lys Thr Val Ile Asp
85 90 95

Ala Ile His Phe
100

<210> SEQ ID NO 77

<211> LENGTH: 99

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 77

Met Gly Glu Glu Leu Asn Arg Leu Leu Asp Val Leu Gly Asn Glu Thr
1 5 10 15

Arg Arg Arg Ile Leu Phe Leu Leu Thr Lys Arg Pro Tyr Phe Val Ser
20 25 30

Glu Leu Ser Arg Glu Leu Gly Val Gly Gln Lys Ala Val Leu Glu His
35 40 45

Leu Arg Ile Leu Glu Glu Ala Gly Leu Ile Glu Ser Arg Val Glu Lys
50 55 60

Ile Pro Arg Gly Arg Pro Arg Lys Tyr Tyr Met Ile Lys Lys Gly Leu
65 70 75 80

Arg Leu Glu Ile Leu Leu Thr Pro Thr Leu Phe Gly Ser Glu Met Tyr
85 90 95

Glu Ala Lys

<210> SEQ ID NO 78

<211> LENGTH: 61

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 78

Met Arg Arg Met Asp Lys Val Asp Leu Gln Leu Ile Lys Ile Leu Ser
1 5 10 15

Gln Asn Ser Arg Leu Thr Tyr Arg Glu Leu Ala Glu Met Leu Gly Thr
20 25 30
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180

Thr Arg Gln Arg Val Ala Arg Lys Val
35 40

Ile Ile Arg Lys Phe Thr Ile Ile Pro
50 55

<210> SEQ ID NO 79

<211> LENGTH: 82

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 79

Gly Arg Lys Val Arg Thr Gln Gln Asn
1 5

Glu Lys Glu Lys Ala Val Leu Arg Ala
20 25

Ile Lys Gln Glu Asp Leu Pro Glu Leu
35 40

Ile Ser Lys Val Ile Gln Glu Leu Glu
50 55

Glu Lys Ser Gly Lys Thr Phe Val Val
65 70

Leu Asp

<210> SEQ ID NO 80

<211> LENGTH: 59

<212> TYPE: PRT

<213> ORGANISM: Thermotoga maritima

<400> SEQUENCE: 80

Lys Ser Leu Gln Arg Phe Leu Arg Arg
1 5

Leu Ser Glu Ile Thr Gly Val Ala Arg
20 25

Asn Gly Lys Thr Gln Lys Ile Arg Gly
35 40

Lys Ala Phe Glu Lys Ser Asn Ile Leu
50 55

<210> SEQ ID NO 81

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Thermotoga

<400> SEQUENCE: 81

Asp Val Ile Gln Arg Ile Lys Glu Lys
1 5

Glu Lys Lys Ile Ala Asp Thr Ile Leu
20 25

Glu Ser Ser Ile Ser Asp Leu Ser Glu
35 40

Ala Ser Val Val Lys Phe Tyr Lys Lys
50 55

Gln Phe Lys Val Leu Leu Ala Gln Ser
65 70

Ile Val Tyr Glu Asp Val Ser Ser Glu
85

Glu Lys Ile Phe Lys Ala Thr Val Arg

Asp Lys Leu Lys Lys Leu Gly

45

Asn Leu Glu Lys

Glu

10

Ile

Val

Asn

Lys

Asn
10
Asn

Glu

Ser

Tyr

10

Ser

Lys

Leu

Ile

Asp

90

Ala

Ile

Leu

Gly

Lys

Ile
75

Thr

Arg

Thr

Phe

Asp

Asp

Ala

Gly

Ser

75

Asp

Ile

60

Leu

Glu

Tyr

Gly

Glu

Thr

Leu

Leu

Glu

Pro

Gly

Leu

60

Arg

Thr

Asn

His

Ser

45

Leu

Arg

Ser

Ser

Arg

Phe

Lys

Val

45

Asn

Ala

Lys

Leu Leu
15

Gly Gly
30

Arg Pro

Ile Lys

Lys Ile

Ile Lys
15

Asp Ile
30

Lys Ile

Thr Asn
15

Gly Ile

30

Lys Ser

Ser Phe

Pro Leu

Thr Ile
95

Asn

Glu

Thr

Arg

Lys
80

His

Leu

Ala

Ala

Ile

Glu

Gln

Glu

80

Thr
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-continued
100 105
<210> SEQ ID NO 82
<211> LENGTH: 101
<212> TYPE: PRT
<213> ORGANISM: Thermotoga maritima
<400> SEQUENCE: 82
Lys Ile Arg Asp Lys Ile Leu Asn Val Tyr Thr Gln Phe Ser Pro Ala
1 5 10 15
Glu Arg Lys Val Ala Asp Tyr Val Leu Glu Arg Pro Asp Asp Val Ile
20 25 30
His Tyr Ser Ile Thr Glu Phe Ala Lys Ile Val Gly Val Ser Glu Thr
35 40 45
Thr Ile His Arg Met Ile Lys Lys Leu Asp Phe Glu Gly Tyr Gln Ala
50 55 60
Phe Lys Ile Ala Leu Ala Arg Glu Leu Ser Gly Leu Glu Glu Thr Ile
65 70 75 80
Glu Arg Arg Asp Phe Ile Asp Glu Glu Ile Asp Ile Leu Arg Arg Leu
85 90 95
Lys Asp Thr Leu Asp
100
<210> SEQ ID NO 83
<211> LENGTH: 60
<212> TYPE: PRT
<213> ORGANISM: Thermotoga maritima
<400> SEQUENCE: 83
Lys Arg Arg Pro Thr Ile Asn Asp Val Ala Lys Leu Ala Gly Val Ser
1 5 10 15
Ile Ser Thr Val Ser Arg Tyr Leu Lys Asp Pro Ser Gln Val Ser Glu
20 25 30
Lys Leu Gly Glu Arg Ile Arg Glu Ala Ile Lys Lys Leu Gly Tyr Lys
35 40 45
Pro Asn Lys Ile Ala Gln Gly Leu Arg Thr Gly Asp
50 55 60
<210> SEQ ID NO 84
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Thermotoga maritima
<400> SEQUENCE: 84
Met Ala Ser Ile Lys Asp Val Ala Lys Leu Ala Gly Val Ser Ile Ala
1 5 10 15
Thr Val Ser Arg Val Ile Asn Gly Tyr Asn Asn Val Ser Glu Glu Thr
20 25 30
Arg Lys Lys Val Ile Asp Ala Ile Arg Lys Leu Asn Tyr His Pro Val
35 40 45
Tyr Ala Val Lys Gly Ala Val Leu Lys Arg
50 55
<210> SEQ ID NO 85
<211> LENGTH: 61
<212> TYPE: PRT
<213> ORGANISM: Thermotoga maritima
<400> SEQUENCE: 85
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184

-continued
Met Lys Lys Lys Tyr Val Thr Ile Arg Asp Ile Ala Glu Lys Ala Gly
1 5 10 15
Val Ser Ile Asn Thr Val Ser Arg Ala Leu Asn Asn Lys Pro Asp Ile
20 25 30
Ser Glu Glu Thr Arg Arg Lys Ile Leu Lys Ile Ala Gln Glu Leu Gly
35 40 45
Tyr Val Lys Asn Ala Thr Ala Ser Ser Leu Arg Ser Lys
50 55 60
<210> SEQ ID NO 86
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Thermotoga
<400> SEQUENCE: 86
Met Pro Thr Ile Glu Asp Val Ala Lys Leu Ala Gly Val Ser Ile Ala
1 5 10 15
Thr Val Ser Arg Val Ile Asn Gly Ser Gly Tyr Val Ser Glu Lys Thr
20 25 30
Arg Tyr Lys Val Trp Lys Ala Ile Glu Glu Leu Gly Tyr Lys Pro Glu
35 40 45
Ile Ser Ala Lys Leu Leu Ala Ser Lys Gly
50 55
<210> SEQ ID NO 87
<211> LENGTH: 61
<212> TYPE: PRT
<213> ORGANISM: Thermotoga maritima
<400> SEQUENCE: 87
Met Arg Ile Gly Glu Lys Leu Arg Lys Leu Arg Leu Ser Arg Gly Leu
1 5 10 15
Thr Gln Glu Glu Leu Ala Glu Arg Thr Asp Leu Ser Arg Ser Phe Ile
20 25 30
Ser Gln Leu Glu Ser Asp Lys Thr Ser Pro Ser Ile Asp Thr Leu Glu
35 40 45
Arg Ile Leu Glu Ala Leu Gly Thr Asp Leu Lys His Phe
50 55 60
<210> SEQ ID NO 88
<211> LENGTH: 67
<212> TYPE: PRT
<213> ORGANISM: Thermotoga maritima
<400> SEQUENCE: 88
Met His Met Lys Thr Val Arg Gln Glu Arg Leu Lys Ser Ile Val Arg
1 5 10 15
Ile Leu Glu Arg Ser Lys Glu Pro Val Ser Gly Ala Gln Leu Ala Glu
20 25 30
Glu Leu Ser Val Ser Arg Gln Val Ile Val Gln Asp Ile Ala Tyr Leu
35 40 45
Arg Ser Leu Gly Tyr Asn Ile Val Ala Thr Pro Arg Gly Tyr Val Leu
50 55 60
Ala Gly Gly
65

<210> SEQ ID NO 89

<211> LENGTH:

<212> TYPE:

PRT

75
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-continued

<213> ORGANISM: Thermotoga maritima
<400> SEQUENCE: 89

Met Asn Thr Leu Lys Lys Ala Phe Glu Ile Leu Asp Phe Ile Val Lys
1 5 10 15

Asn Pro Gly Asp Val Ser Val Ser Glu Ile Ala Glu Lys Phe Asn Met
20 25 30

Ser Val Ser Asn Ala Tyr Lys Tyr Met Val Val Leu Glu Glu Lys Gly
35 40 45

Phe Val Leu Arg Lys Lys Asp Lys Arg Tyr Val Pro Gly Tyr Lys Leu

Ile Glu Tyr Gly Ser Phe Val Leu Arg Arg Phe
65 70 75

<210> SEQ ID NO 90

<211> LENGTH: 81

<212> TYPE: PRT

<213> ORGANISM: Thermotoga maritima
<400> SEQUENCE: 90

Met Lys Ile Ser Lys Lys Arg Arg Gln Glu Leu Ile Arg Lys Ile Ile
1 5 10 15

His Glu Lys Lys Ile Ser Asn Gln Phe Gln Ile Val Glu Glu Leu Lys
20 25 30

Lys Tyr Gly Ile Lys Ala Val Gln Pro Thr Val Ala Arg Asp Leu Lys
35 40 45

Glu Ile Gly Ala Val Lys Ile Met Asp Glu Ser Gly Asn Tyr Val Tyr
Lys Leu Leu Asp Glu Thr Pro Val Ile Asp Pro Trp Lys Glu Leu Lys
65 70 75 80
Arg

<210> SEQ ID NO 91

<211> LENGTH: 82

<212> TYPE: PRT

<213> ORGANISM: Thermotoga maritima

<400> SEQUENCE: 91

Met His Lys Lys Leu Asn Pro Lys Ser Met Lys Arg Glu Asn Lys Lys
1 5 10 15

Met Val Leu Arg Tyr Leu Ile Glu Ser Gly Pro His Ser Arg Val Glu
20 25 30

Ile Ala Arg Lys Thr Gly Leu Ala Gln Ser Ala Ile Trp Arg Ile Ile
Glu Glu Leu Val Asn Glu Gly Leu Val Glu Glu Lys Gly Thr Ala Thr
50 55 60

Gly Arg Arg Arg Lys Ala Val Thr Tyr Gly Pro Thr Arg Ser Phe Ile
65 70 75 80

Thr Ser

<210> SEQ ID NO 92

<211> LENGTH: 79

<212> TYPE: PRT

<213> ORGANISM: Thermotoga maritima

<400> SEQUENCE: 92

Met Pro Ser Pro Leu Leu Arg Arg Glu Asn Lys Ile Lys Ile Leu Arg
1 5 10 15
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188

-continued
Tyr Ile Leu Lys Asn Gly Lys Thr Thr Arg Asn Gln Leu Ala Ser Asn
20 25 30
Leu Asn Leu Ala His Ser Thr Leu Ser Tyr Ile Ile Asp Glu Leu Leu
35 40 45
Asp Glu Gly Phe Leu Val Phe Glu Glu Ile Lys Lys Lys Arg Gly Arg
50 55 60
Pro Tyr Gln Ile Leu Ser Val Asn Pro Glu Lys Phe Thr Ala Ile
65 70 75
<210> SEQ ID NO 93
<211> LENGTH: 79
<212> TYPE: PRT
<213> ORGANISM: Thermotoga maritima
<400> SEQUENCE: 93
Met Lys Glu Glu Arg Leu Lys Glu Ile Leu Asp Ile Val Asp Arg Asn
1 5 10 15
Gly Phe Ile Ser Met Lys Asp Leu Gln Glu Gln Leu Gly Val Ser Met
20 25 30
Ile Thr Val Arg Arg Asp Val Ala Glu Leu Val Lys Arg Asn Leu Val
35 40 45
Lys Lys Val His Gly Gly Ile Arg Lys Val Asn Tyr Phe Glu Lys Glu
50 55 60
Thr Asp Phe Met Lys Arg Leu Ser Ile Asn Arg Glu Ala Lys Glu
65 70 75
<210> SEQ ID NO 94
<211> LENGTH: 137
<212> TYPE: PRT
<213> ORGANISM: Thermotoga maritima
<400> SEQUENCE: 94
Met Phe Thr Met Arg Ser Glu Tyr Ala Leu Arg Leu Met Ile Val Met
1 5 10 15
Ala Lys Glu Tyr Gly Asn Tyr Leu Ser Met Thr Glu Ile Leu Glu Lys
20 25 30
Ala Lys Gln Ser Val Pro Arg Glu Phe Ala Glu Lys Ile Leu Tyr Thr
35 40 45
Leu Lys Lys Ala Gly Leu Val Lys Thr Arg Arg Gly Lys Ser Gly Gly
50 55 60
Tyr Met Leu Ser Arg Pro Pro Lys Glu Ile Lys Val Ser Glu Ile Val
65 70 75 80
Phe Leu Leu Asp Arg Lys Ser Lys Val Phe Phe Asp Met Pro Gly Cys
85 90 95
Pro Asp Glu Leu Asp Cys Val Ile Arg Ala Leu Trp Lys Arg Val Glu
100 105 110
Asn Glu Ile Glu Lys Ile Leu Ser Gly Val Thr Leu Glu Asp Leu Val
115 120 125
Arg Glu Gln Glu Glu Lys Met Lys Gln
130 135
<210> SEQ ID NO 95
<211> LENGTH: 95
<212> TYPE: PRT
<213> ORGANISM: Thermotoga naphthophila
<400> SEQUENCE: 95
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190

-continued
Met Arg Asp Thr Lys Gly His Leu Lys Phe Leu Val Leu His Ile Ile
1 5 10 15
Ser Gln Gln Pro Ser His Gly Tyr Tyr Ile Met Lys Lys Ile Ser Gln
20 25 30
Ile Ile Gly Ala Glu Pro Pro Ser Pro Gly Ala Leu Tyr Pro Ile Leu
35 40 45
Ser Ser Leu Arg Lys Gln Lys Tyr Ile Glu Thr Tyr Asn Glu Gly Lys
50 55 60
Arg Lys Val Tyr Arg Leu Thr Asp Lys Gly Arg Lys Tyr Leu Glu Glu
65 70 75 80
His Lys Glu Glu Ile Lys Lys Ala Leu Asp Phe Ala Glu Arg Phe
85 90 95
<210> SEQ ID NO 96
<211> LENGTH: 118
<212> TYPE: PRT
<213> ORGANISM: Thermotoga maritima
<400> SEQUENCE: 96
Met Arg His Arg Gly Gly Arg Gly Phe Arg Gly Trp Trp Leu Ala Ser
1 5 10 15
Thr Ile Leu Leu Leu Val Ala Glu Lys Pro Ser His Gly Tyr Glu Leu
20 25 30
Ala Glu Arg Leu Ala Glu Phe Gly Ile Glu Ile Pro Gly Ile Gly His
35 40 45
Met Gly Asn Ile Tyr Arg Val Leu Ala Asp Leu Glu Glu Ser Gly Phe
50 55 60
Leu Ser Thr Glu Trp Asp Thr Thr Val Ser Pro Pro Arg Lys Ile Tyr
65 70 75 80
Arg Ile Thr Pro Gln Gly Lys Leu Tyr Leu Arg Glu Ile Leu Arg Ser
85 90 95
Leu Glu Asp Met Lys Arg Arg Ile Glu Thr Leu Glu Glu Arg Ile Lys
100 105 110
Arg Val Leu Gln Glu Glu
115
<210> SEQ ID NO 97
<211> LENGTH: 70
<212> TYPE: PRT
<213> ORGANISM: Thermotoga maritima
<400> SEQUENCE: 97
Met Leu Ser Lys Arg Asp Ala Ile Leu Lys Ala Ala Val Glu Val Phe
1 5 10 15
Gly Lys Lys Gly Tyr Asp Arg Ala Thr Thr Asp Glu Ile Ala Glu Lys
20 25 30
Ala Gly Val Ala Lys Gly Leu Ile Phe His Tyr Phe Lys Asn Lys Glu
35 40 45
Glu Leu Tyr Tyr Gln Ala Tyr Met Ser Val Thr Glu Lys Leu Gln Lys
50 55 60
Glu Phe Glu Asn Phe Leu
65 70
<210> SEQ ID NO 98
<211> LENGTH: 291
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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-continued

<223> OTHER INFORMATION: Synthetic construct
<400> SEQUENCE: 98

Met Ser Lys Ser Trp Gly Lys Phe Ile Glu Glu Glu Glu Ala Glu Met
1 5 10 15

Ala Ser Arg Arg Asn Leu Met Ile Val Asp Gly Thr Asn Leu Gly Phe
20 25 30

Arg Phe Lys His Asn Asn Ser Lys Lys Pro Phe Ala Ser Ser Tyr Val
35 40 45

Ser Thr Ile Gln Ser Leu Ala Lys Ser Tyr Ser Ala Arg Thr Thr Ile
50 55 60

Val Leu Gly Asp Lys Gly Lys Ser Val Phe Arg Leu Glu His Leu Pro
65 70 75 80

Glu Tyr Lys Gly Asn Arg Asp Glu Lys Tyr Ala Gln Arg Thr Glu Glu
85 90 95

Glu Lys Ala Leu Asp Glu Gln Phe Phe Glu Tyr Leu Lys Asp Ala Phe
100 105 110

Glu Leu Cys Lys Thr Thr Phe Pro Thr Phe Thr Ile Arg Gly Val Glu
115 120 125

Ala Asp Asp Met Ala Ala Tyr Ile Val Lys Leu Ile Gly His Leu Tyr
130 135 140

Asp His Val Trp Leu Ile Ser Thr Asp Gly Asp Trp Asp Thr Leu Leu
145 150 155 160

Thr Asp Lys Val Ser Arg Phe Ser Phe Thr Thr Arg Arg Glu Tyr His
165 170 175

Leu Arg Asp Met Tyr Glu His His Asn Val Asp Asp Val Glu Gln Phe
180 185 190

Ile Ser Leu Lys Ala Ile Met Gly Asp Leu Gly Asp Asn Ile Arg Gly
195 200 205

Val Glu Gly Ile Gly Ala Lys Arg Gly Tyr Asn Ile Ile Arg Glu Phe
210 215 220

Gly Asn Val Leu Asp Ile Ile Asp Gln Leu Pro Leu Pro Gly Lys Gln
225 230 235 240

Lys Tyr Ile Gln Asn Leu Asn Ala Ser Glu Glu Leu Leu Phe Arg Asn
245 250 255

Leu Ile Leu Val Asp Leu Pro Thr Tyr Cys Val Asp Ala Ile Ala Ala
260 265 270

Val Gly Gln Asp Val Leu Asp Lys Phe Thr Lys Asp Ile Leu Glu Ile
275 280 285

Ala Glu Gln
290

<210> SEQ ID NO 99

<211> LENGTH: 53

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (17)..(37)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 99

tttctagete taaaacnnnn nnnnnnnnnn nnnnnnncegg tgtttegtce ttt 53

<210> SEQ ID NO 100
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-continued

194

<211> LENGTH: 148

<212> TYPE: PRT

<213> ORGANISM: Sulfolobus solfataricus
<400> SEQUENCE: 100

Met Glu Glu Lys Val Gly Asn Leu Lys Pro Asn Met Glu Ser Val
1 5 10 15

Val Thr Val Arg Val Leu Glu Ala Ser Glu Ala Arg Gln Ile Gln
20 25 30

Lys Asn Gly Val Arg Thr Ile Ser Glu Ala Ile Val Gly Asp Glu
Gly Arg Val Lys Leu Thr Leu Trp Gly Lys His Ala Gly Ser Ile
50 55 60

Glu Gly Gln Val Val Lys Ile Glu Asn Ala Trp Thr Thr Ala Phe
65 70 75

Gly Gln Val Gln Leu Asn Ala Gly Ser Lys Thr Lys Ile Ala Glu
85 90 95

Ser Glu Asp Gly Phe Pro Glu Ser Ser Gln Ile Pro Glu Asn Thr
100 105 110

Thr Ala Pro Gln Gln Met Arg Gly Gly Gly Arg Gly Phe Arg Gly
115 120 125

Gly Arg Arg Tyr Gly Arg Arg Gly Gly Arg Arg Gln Glu Asn Glu
130 135 140

Gly Glu Glu Glu
145

<210> SEQ ID NO 101

<211> LENGTH: 673

<212> TYPE: PRT

<213> ORGANISM: Thermus thermophilus
<400> SEQUENCE: 101

Met Thr Leu Glu Glu Ala Arg Lys Arg Val Asn Glu Leu Arg Asp
1 5 10 15

Ile Arg Tyr His Asn Tyr Arg Tyr Tyr Val Leu Ala Asp Pro Ile
Asp Ala Glu Tyr Asp Arg Leu Leu Arg Glu Leu Lys Glu Leu Glu
35 40 45

Arg Phe Pro Glu Leu Lys Ser Pro Asp Ser Pro Thr Leu Gln Val
50 55 60

Ala Arg Pro Leu Glu Ala Thr Phe Arg Pro Val Arg His Pro Thr
65 70 75

Met Tyr Ser Leu Asp Asn Ala Phe Asn Leu Asp Glu Leu Lys Ala

Glu Glu Arg Ile Glu Arg Ala Leu Gly Arg Lys Gly Pro Phe Ala
100 105 110

Thr Val Glu His Lys Val Asp Gly Leu Ser Val Asn Leu Tyr Tyr
115 120 125

Glu Gly Val Leu Val Tyr Gly Ala Thr Arg Gly Asp Gly Glu Val
130 135 140

Glu Glu Val Thr Gln Asn Leu Leu Thr Ile Pro Thr Ile Pro Arg
145 150 155

Leu Lys Gly Val Pro Glu Arg Leu Glu Val Arg Gly Glu Met Pro
165 170 175

Glu Ala Phe Leu Arg Leu Asn Glu Glu Leu Glu Glu Arg Gly Glu
180 185 190

Asn

Thr

Thr

Lys

Lys

80

Ala

Pro

Gly

Glu

Leu

Ser

Glu

Gly

Arg

80

Phe

Tyr

Glu

Gly

Arg

160

Ile

Arg
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195

-continued

196

Ile

Asp

Leu

225

Phe

Gly

Asp

Ala

305

Lys

Arg

Glu

Asp

Ile

385

Arg

Leu

Lys

Ile

Leu

465

Gln

Leu

Arg

Leu
545
Thr

Ala

Gly

Phe

Pro

210

Gly

Ala

Tyr

Trp

Val

290

Arg

Glu

Val

Val

Ile

370

Pro

Pro

Lys

Arg

Gln

450

Val

Gly

Ile

Gly

Phe

530

Glu

Leu

Gly

Leu

Lys

195

Arg

Leu

Leu

Ala

Leu

275

Lys

Ala

Thr

Thr

Ser

355

Arg

Glu

Ile

Glu

Phe

435

Gly

Lys

Leu

Glu

Leu

515

Gly

Val

Lys

Val

Thr
595

Asn

Ile

Gly

Leu

Arg

260

Lys

Leu

Pro

Arg

Pro

340

Arg

Ile

Val

Arg

Gly

420

Glu

Leu

Asp

Glu

Glu

500

Pro

Asn

Glu

Asp

Glu

580

Phe

Pro

Thr

Leu

His

245

Ala

Lys

Asp

Arg

Leu

325

Val

Val

Gly

Leu

Trp

405

Lys

Ala

Gly

Val

Arg

485

Ser

Gly

Met

Glu

Pro
565

Met

Val

Arg

Ala

Glu

230

Trp

Val

Arg

Glu

Phe

310

Leu

Gly

Thr

Asp

Arg

390

Pro

Val

Ile

Glu

Ala

470

Met

Lys

Val

Asp

Val
550
Ala

Glu

Ile

Asn Ala Ala Ala Gly Ser Leu Arg Gln
200 205

Lys Arg Gly Leu Arg Ala Thr Phe Tyr
215 220

Glu Val Glu Arg Glu Gly Val Ala Thr
235

Leu Lys Glu Lys Gly Phe Pro Val Glu
250 255

Gly Ala Glu Gly Val Glu Ala Val Tyr
265 270

Arg Ala Leu Pro Phe Glu Ala Asp Gly
280 285

Leu Ala Leu Trp Arg Glu Leu Gly Tyr
295 300

Ala Ile Ala Tyr Lys Phe Pro Ala Glu
315

Asp Val Val Phe Gln Val Gly Arg Thr
330 335

Ile Leu Glu Pro Val Phe Leu Glu Gly
345 350

Leu His Asn Glu Ser Tyr Ile Glu Glu
360 365

Trp Val Leu Val His Lys Ala Gly Gly
375 380

Val Leu Lys Glu Arg Arg Thr Gly Glu
395

Glu Thr Cys Pro Glu Cys Gly His Arg
410 415

His Arg Cys Pro Asn Pro Leu Cys Pro
425 430

Arg His Phe Ala Ser Arg Lys Ala Met
440 445

Lys Leu Ile Glu Arg Leu Leu Glu Lys
455 460

Asp Leu Tyr Arg Leu Arg Lys Glu Asp
475

Gly Glu Lys Ser Ala Gln Asn Leu Leu
490 495

Lys Arg Gly Leu Glu Arg Leu Leu Tyr
505 510

Gly Glu Val Leu Ala Arg Asn Leu Ala
520 525

Arg Leu Leu Glu Ala Ser Leu Glu Glu
535 540

Gly Glu Leu Thr Ala Arg Ala Ile Leu
555

Phe Arg Asp Leu Val Arg Arg Leu Lys
570 575

Ala Lys Glu Lys Gly Gly Glu Ala Leu
585 590

Thr Gly Glu Leu Ser Arg Pro Arg Glu
600 605

Lys

Ala

Gln

240

His

Gln

Val

Thr

Glu

320

Gly

Ser

Leu

Val

Glu

400

Leu

Ala

Asp

Gly

Leu

480

Arg

Ala

Ala

Leu

Glu
560
Glu

Lys

Glu
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197

-continued

198

Val Lys Ala Leu Leu Arg Arg Leu Gly Ala Lys Val
610 615 620

Ser Arg Lys Thr Ser Tyr Leu Val Val Gly Glu Asn

625

630 635

Leu Glu Lys Ala Arg Ala Leu Gly Val Pro Thr Leu

645 650

Leu Tyr Arg Leu Leu Glu Ala Arg Thr Gly Lys Lys

<210>
<211>
<212>
<213>
<220>
<223>

<400>

660 665

SEQ ID NO 102

LENGTH: 775

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic construct

SEQUENCE: 102

Met Ile Leu Asp Ala Asp Tyr Ile Thr Glu Asp Gly

1

5 10

Arg Ile Phe Lys Lys Glu Asn Gly Glu Phe Lys Val

20 25

Asn Phe Arg Pro Tyr Ile Tyr Ala Leu Leu Lys Asp

35 40

Asp Asp Val Lys Lys Ile Thr Ala Glu Arg His Gly

50

55 60

Val Val Asp Val Glu Lys Val Lys Lys Lys Phe Leu

65

70 75

Glu Val Trp Lys Leu Tyr Phe Glu His Pro Gln Asp

85 90

Arg Asp Lys Ile Arg Glu His Pro Ala Val Ile Asp

100 105

Asp Ile Pro Phe Ala Lys Arg Tyr Leu Ile Asp Lys

115 120

Met Glu Gly Asn Glu Glu Leu Lys Leu Leu Ala Phe
130 135 140

Leu Tyr His Glu Gly Glu Glu Phe Gly Lys Gly Pro

145

150 155

Ser Tyr Ala Asp Glu Glu Gly Ala Lys Val Ile Thr

165 170

Asp Leu Pro Tyr Val Glu Val Val Ser Ser Glu Arg

180 185

Arg Phe Leu Lys Val Ile Arg Glu Lys Asp Pro Asp

195 200

Tyr Asn Gly Asp Asn Phe Asp Phe Pro Tyr Leu Leu
210 215 220

Lys Leu Gly Met Lys Leu Pro Leu Gly Arg Asp Gly

225

230 235

Met Gln Arg Leu Gly Asp Ser Leu Ala Val Glu Ile

245 250

His Phe Asp Leu Tyr Pro Val Ile Arg Arg Thr Ile

260 265

Tyr Thr Leu Glu Ala Val Tyr Glu Ala Ile Phe Gly

275 280

Lys Val Tyr Pro His Glu Ile Ala Glu Ala Trp Glu

Thr

Pro

Thr

Ala

Lys

Glu

Asp

45

Lys

Gly

Val

Ile

Gly

125

Asp

Ile

Trp

Glu

Val

205

Lys

Ser

Lys

Asn

Lys
285

Thr

Asp

Gly

Glu

Glu
670

Pro

Tyr

30

Ser

Val

Arg

Pro

Phe

110

Leu

Ile

Ile

Lys

Met

190

Ile

Arg

Glu

Gly

Leu
270

Pro

Gly

Ser

Ser

Glu

655

Glu

Ile

Asp

Ala

Val

Pro

Ala

95

Glu

Ile

Glu

Met

Lys

175

Ile

Ile

Ala

Pro

Arg

255

Pro

Lys

Lys

Val
Lys
640

Glu

Leu

Ile

Arg

Ile

Arg

Ile

Ile

Tyr

Pro

Thr

Ile

160

Val

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly
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199

-continued

200

Leu
305

Glu

Pro
Tyr
385

Ile

Asp

Phe

Lys

465

Asp

Tyr

Ser

Leu

Tyr

545

Ala

Glu

Lys

Leu

Ala
625

Pro

Glu

Ala

Leu
705

290

Glu

Leu

Gly

Glu

Asn

370

Glu

Val

Asn

Val

Ile

450

Arg

Tyr

Tyr

Val

Glu

530

Ala

Leu

Leu

Lys

Glu

610

Lys

Lys

Pro

Tyr

Arg

690

Arg

Arg

Gly

Gln

Trp

355

Lys

Gly

Ser

Val

Ala

435

Pro

Arg

Arg

Gly

Thr

515

Glu

Thr

Glu

Glu

Tyr

595

Ile

Val

Ile

Glu

Lys
675

Gly

Gly

Val

Arg

Pro

340

Tyr

Pro

Gly

Leu

Ser

420

Pro

Ser

Met

Gln

Tyr

500

Ala

Arg

Ile

Phe

Tyr

580

Ala

Val

Leu

Val

Lys
660
Ala

Ile

Asp

Ala

Glu

325

Leu

Leu

Asp

Tyr

Asp

405

Pro

Glu

Leu

Lys

Arg

485

Ala

Trp

Gly

Pro

Val

565

Glu

Leu

Arg

Glu

Lys

645

Leu

Ile

Lys

Gly

Lys

310

Phe

Trp

Leu

Glu

Val

390

Phe

Asp

Val

Leu

Ala

470

Ala

Lys

Gly

Phe

Gly

550

Asn

Gly

Ile

Arg

Ala

630

Glu

Val

Gly

Val

Pro
710

295 300

Tyr Ser Met Glu Asp Ala Lys Val Thr
315

Phe Pro Met Glu Ala Gln Leu Ala Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Tyr Glu Arg Arg Leu Arg Glu
375 380

Lys Glu Pro Glu Lys Gly Leu Trp Glu
395

Arg Ser Leu Tyr Pro Ser Ile Ile Ile
410 415

Thr Leu Asn Lys Glu Gly Cys Gly Glu
425 430

Gly His Arg Phe Cys Lys Asp Phe Pro
440 445

Gly Ser Leu Leu Asp Glu Arg Gln Lys
455 460

Ser Lys Asp Pro Ile Glu Arg Lys Leu
475

Ile Lys Ile Leu Ala Asn Ser Tyr Tyr
490 495

Ala Arg Trp Tyr Cys Lys Glu Cys Ala
505 510

Arg Glu Tyr Ile Glu Leu Val Arg Arg
520 525

Lys Val Leu Tyr Ile Asp Thr Asp Gly
535 540

Glu Lys Asn Trp Glu Glu Ile Lys Arg
555

Tyr Ile Asn Ala Lys Leu Pro Gly Leu
570 575

Phe Tyr Thr Arg Gly Phe Phe Val Thr
585 590

Asp Glu Glu Gly Lys Ile Ile Thr Arg
600 605

Asp Trp Ser Glu Ile Ala Lys Glu Thr
615 620

Ile Leu Lys His Gly Asn Val Glu Glu
635

Val Thr Glu Lys Leu Ser Lys Tyr Glu
650 655

Ile Tyr Glu Gln Ile Thr Arg Pro Leu
665 670

Pro His Val Ala Val Ala Lys Arg Leu
680 685

Arg Pro Gly Met Val Ile Gly Tyr Val
695 700

Ile Ser Lys Arg Ala Ile Ala Ala Glu
715

Tyr

320

Leu

Leu

Ala

Ser

Gly

400

Thr

Tyr

Gly

Ile

Leu

480

Gly

Glu

Glu

Leu

Arg

560

Leu

Lys

Gly

Gln

Ala

640

Ile

Asn

Ala

Val

Glu
720
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-continued

Phe Asp Pro Lys Lys His Lys Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn
725 730 735

Gln Val Leu Pro Ala Val Leu Arg Ile Leu Glu Ala Phe Gly Tyr Arg
740 745 750

Lys Glu Asp Leu Arg Trp Gln Lys Thr Lys Gln Val Gly Leu Gly Ala
755 760 765

Trp Leu Lys Val Lys Lys Ser
770 775

<210> SEQ ID NO 103

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 103

ggcecgcaace 10

<210> SEQ ID NO 104

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 104

tataagcgce gg 12

<210> SEQ ID NO 105

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 105

ggcecgcatte at 12

<210> SEQ ID NO 106

<211> LENGTH: 148

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 106

cgtaacttga aagtatttcg atttcttgge tttatatate ttgtggaaag gacgaaacac 60
cggcgaagaa cctcettecca agagttttag agctagaaat agcaagttaa aataaggcta 120
gtcecgttate aacttgaaaa agtggcac 148

<210> SEQ ID NO 107
<400> SEQUENCE: 107

000

<210> SEQ ID NO 108

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct
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203

204

-continued

<220>
<221>
<222>
<223>

FEATURE:

NAME/KEY: misc_feature

LOCATION: (27)..(47)

OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 108

taacttgcta tttctagete taaaacnnnn nnnnnnnnnn nnnnnnncegg tgtttcegtcece

tttccacaag ata

60

73

What is claimed is:

1. A preparation, comprising:

a fusion protein comprising an amino acid sequence that
has at least 90% sequence identity to SEQ ID NO:3,
wherein the fusion protein comprises:

(1) an amino acid sequence that has at least 90% sequence
identity to SEQ ID NO:1; and

(ii) an amino acid sequence that has at least 90% sequence
identity to SEQ ID NO:2.

2. The preparation according to claim 1, further compris-

ing a 5'-3' exonuclease.

3. The preparation according to claim 2, wherein the 5'-3'
exonuclease is T5 exonuclease.

4. The preparation according to claim 1, further compris-
ing a single strand DNA binding protein.

5. The preparation according to claim 4, wherein the
single strand DNA binding protein is ET SSB (Extreme
Thermostable Single-Stranded DNA Binding Protein), E.
coli recA, T7 gene 2.5 product, phage lambda RedB or Rac
prophage RecT.

6. The preparation according to claim 1, further compris-
ing a ligase.

7. The preparation of claim 1, wherein the preparation
does not comprise a crowding agent and/or a non strand-
displacing polymerase.

8. The preparation of claim 1, further comprising a
potassium salt.

9. The preparation according to claim 1, further compris-
ing a plurality of polynucleotides in a set wherein at least a
polynucleotide in the set has a sequence that overlaps with
another polynucleotide in the set; and wherein the poly-
nucleotides are selected from: (i) double stranded polynucle-
otides; (ii) single stranded oligonucleotides; (iii) at least one
double strand polynucleotide and at least one single strand
oligonucleotide; and (iv) a subpopulation of polynucleotides
that are otherwise identical to one another except for a
sequence that varies between the members of the sub-
population.

10. The preparation according to claim 9, wherein the set
of polynucleotides has at least 3 members or at least 4
members or at least 5 members.

11. A method for producing a synthon, comprising:

incubating a preparation according to claim 2 further
optionally comprising a ligase and a single strand DNA
binding protein, with a plurality of polynucleotides that
form a set, wherein members of the set have sequences
that overlap under suitable reaction conditions; and
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joining at least two the polynucleotides to produce a
synthon.

12. The method according to claim 11, wherein the set of
polynucleotides contains at least 3 members or at least 4
members or at least 5 members.

13. The method according to claim 11, wherein the
preparation further comprises a ligase.

14. The method according to claim 11, wherein the
preparation further comprises a single strand DNA binding
protein.

15. The method according to claim 11, wherein the
polynucleotides are double stranded and the double strand
polynucleotides are overlapping PCR products, overlapping
restriction fragments or assembled from single stranded
oligonucleotides.

16. The method according to claim 11, wherein the
polynucleotides are single stranded oligonucleotides.

17. The method according to claim 11, wherein the set of
polynucleotides comprises at least one double strand poly-
nucleotide and at least one single strand oligonucleotide.

18. A kit for polynucleotide assembly, comprising:

(a) a preparation according to claim 1; and

(b) a 5'-3' exonuclease.

19. A kit according to claim 18, further comprising a
single strand binding protein.

20. The kit according to claim 18, further comprising a
ligase.

21. The kit according to claim 18, further comprising a
buffering agent.

22. The kit according to claim 18, wherein the 5'-3'
exonuclease is T5 exonuclease.

23. The kit according to claim 18, does not include a
crowding agent.

24. The kit according to claim 18, wherein (a)-(b) are in
the same vessel.

25. The preparation according to claim 1, wherein the
fusion protein comprises an amino acid sequence that has at
least 95% identity to SEQ ID NO:3, wherein the fusion
protein comprises:

(1) an amino acid sequence that has at least 95% sequence

identity to SEQ ID NO:1; and

(i1) an amino acid sequence that has at least 95% sequence

identity to SEQ ID NO:2.

26. The preparation according to claim 1, wherein the
fusion protein comprising the amino acid sequence of SEQ
ID NO:3.



